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PREFACE TO VOL. III., PART III. 

This part of the work commences the consideration of the 
complicated but most important series of bodies known as 
the Aromatic Compounds. 

It contains, after an introduction, a description of the mode 
of formation, and of the properties, of the Aromatic Hydro- 
carbons and their derivatives, together with an historical 
discussion of their isomeric modifications. The constitution 
of Benzene and the characteristic reactions of its di-substitution 
products are then fully explained. Next follows a review of 
all the important Benzene Derivatives, so that the part now 
published forms a complete chapter of the ever-increasing 
volume of Aromatic Chemistry, 

M. £j. B. 

c. s. 
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ORGANIC OHEMISTEY, 

OR THE CHEMISTRY OF THE HYDROCARBONS AND THEIR 

DERIVATIVES. 



PART III. 

AROMATIC COMPOUNDS, OR COMPOUNDS RICH 

IN CARBON. 

914 In the eaxly years of our Science, tlie name " aiomatic 
compounds '* was given to a small group of naturally occurring 
bodies possessing an aromatic smell and taste. For in those days 
almost all chemical compounds were classed according to certain 
well-marked physical properties; and even now the pages of our 
manuals contain chapters on " colouring matters," " bitter prin- 
dples," &c. There we find descriptions of substances possessing 
an unknown constitution, and, therefore, incapable of any more 
systematic classification, to which Gerhard t gave the title of 
corps A sprier. Thanks, however, to the progress of our science, 
this " chemical lumber-room " is rapidly being cleared out, and 
in time it will doubtless be found empty. 

A similar sifting process has been going on with respect to the 
aromatic compounds. It was soon perceived that, in addition to 
certain analogies in their outward properties, such as smell and 
taste, these bodies are connected by intimate chemical ties. 
The first step towards this recognition was effected by Liebig 
and Wohler in 1832 by the publication of their classical 
research " On the Radical of Benzoic Acid." ^ In the intro- 
duction to their memoir they remark : " We may congi-atulatc 

^ Ann. Phann. 3, 219. 
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ourselves if we succeed in clearing a narrow path through the 
dark domain of organic nature, which may perhaps lead to the 
recognition of the true method of surveying and examining 
this unknown district, although we are well aware of its illimit- 
able extent. Nor indeed can we here reasonably expect at first 
to arrive at any very profound or wide generalisations, owing to 
the absence of previous investigations, as well as the difficulty of 
obtaining the necessary materials. Under these circumstances 
the experiments which are described in the sequel must be re- 
garded, as far as their extent and connection with other branches 
of investigation are concerned, only as the opening out of a wide 
and fruitful field for future research.*' 

This wide field embraces the whole of the aromatic com- 
pounds, and it has proved to be even more fruitful than 
Liebig and Wohler could have even dreamed. Their first ob- 
servation was that oil of bitter almonds is distinguished firom 
all similar compounds by its power, first noticed by Stange, of 
absorbing oxygen, and of being converted into benzoic acid — a 
compound known so long ago as the seventeenth century, and 
prepared from the aromatic gum benzoin. The two chemists 
then showed that both these compounds contain the same radical, 
benzoyl, C^H^O, that the oil of bitter almonds must be regarded as 
benzoyl hydride, C^HgO, which on oxidation passes into benzoic 
acid, C^HgOg. By replacing an atom of hydrogen in benzoyl 
hydride, by the elements of the chlorine group, by cyanogen, 
or by sulphur, other compounds of this same radical are 
obtained. 

Mitscherlich prepared the hydrocarbon, CgHg, by distilling 
benzoic acid with slaked lime, it being formed by the separation 
of carbon dioxide from benzoic acid, and to this body he gave 
the name of benzin, which was altered by Liebig to benzol, but 
which in England is now usually written benzene. Mitscherlich 
also found that this hydrocarbon is converted by the action of 
nitric acid into nitrobenzene, CgH^NO^. Zinin next showed 
that the oxygen in this body can be replaced by hydrogen, and 
that thus a basic oil is obtained which was soon proved to be 
identical with aniline, a compound which Fritschehad previously 
obtained by distilling indigo with caustic potash. The Russian 
chemist had also observed tliat indigo when treated with caustic 
potash yields an acid termed anthranilic acid, C7H7NO2, and 
that this is decomposed on distillation into carbon dioxide and 
aniline. 
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Gerhardt afterwards noticed that when nitrous acid acts 
upon anthranilic acid, this latter is converted into salicylic 
acid, CyHgOj, a body first obtained from the ethereal oil of 
Spiraea Ulmariay together with salicyl hydride, C^HgOg. These 
two compounds stand in the same relation to one another as 
benzoyl hydride does to benzoic acid ; just as the latter is 
converted into benzene by the separation of carbon dioxide, so 
from salicylic acid, carbolic acid, CgHgO, is obtained. This latter 
substance is also found in coal-tar, together with benzene and 
toluene, C^Hg, a body whose name is derived from the fact that 
it was first obtained by distilling the aromatic balsam of tolu. 
This compound closely resembles benzene ; thus, by the action 
of nitric acid it is* converted into nitrotoluene, and from this 
the base toluidine can readily be prepared. These investigations 
proved that an intimate relation exists between the two series 
of compounds, containing respectively six and seven atoms of 
carbon: — 



Benzene. 


Nitrobenzene. 


Aniline. 


Carbolic Acid. 


CcHc. 


CeH,NO,. 


CgHyN. 


CoH,0. 


Toluene. 


Nitrotoluene. 


Toluidine. 


_ 


CyHg. 


CjHyNOj. 


CjHjN. 




Benzoyl 
Hydride, 


«i^M 


J ^ 


Salicyl Hydride 


C,H,0. 






• CyXigOo. 


Benzoic Acid. 






Salicylic Acid. 


C7Hg02. 






^7^(Pt 



In course of time the existence of many similar groups was 
discovered, and to all these the general title of "aromatic 
compounds " was given, although among them many are found 
which either possess no smell, or whose odour is anything but 
aromatic. The designation of aromatic is applied in tlie same 
sense as that of " fatty bodies," in which we now class almost 
all the organic substances not belonging to the aromatic series. 
(R. Meyer.) 

It was at first difficult to find a sharp distinction between 
aromatic compounds and other groups, as many bodies were known 
which, according to their products of decomposition as well as 
their mode of combination, may equally well be placed either in 
the one or in the other division. Thus it came about that many 
compounds which clearly belong to the aromatic group were not 
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classed under this head. On the other hand, however, the 
fact was not then recognised that bodies properly classed as 
aromatic could peld compounds belonging either to the group 
of fatty bodies, or to that of bodies containing less hydrogen. 
Nor was it understood that the reverse action could take place. 
(Kekul(5.) 

915 KckuU's Theory of the Constitution of Aromatic Bodies. — 
No expression of opinion is to be found respecting the constitu- 
tion of the aromatic compounds until Kekule proposed a theory 
which shed an unexpected light on these hitherto neglected 
bodies.^ The efifect of the general recognition of the truth of 
Kekule's theory has been that this special field of organic 
chemistry has since been, and still is, most industriously cultivated, 
perhaps to the undeserved neglect of other branches. 

In justification, however, it must be remembered that the 
study of the aromatic compounds is full of practical interest, 
inasmuch as not only all the natural, but also all the artificial 
colouring matters, as well as the most valuable medicines and 
most potent poisons, belong to this class of bodies. 

Kekule s views are best given in his own words : " If we wish 
to form an idea of the constitution of the aromatic compounds 
we are bound to explain the following facts : — (1st) Even the 
simplest of aromatic compounds are comparatively richer in 
carbon than the compounds belonging to the fatty group ; (2nd) 
Amongst the aromatic compounds as well as amongst the fatty 
bodies a large numl>er of homologous substances exist ; (3rd) 
The simplest aromatic compounds contain at least six atoms of 
carbon ; (4th) All the derivatives of these substances exhibit a 
certain family resemblance, they all belong to the group of 
aromatic compounds. In cases where a more destructive reaction 
occurs, a portion of the carbon of the original compound may be 
eliminated, but the chief product invarijibly contains at least 
six atoms of carbon, and the decomposition stops with the 
formation of this product, unless, indeed, the aromatic group is 
completely destroyed. These fiicts justify the supposition that 
one and the same group of atoms occurs in all the aromatic 
compounds, or that they all contain a common nucleus of six 
atoms of carbon. In these bodies some of the carbon atoms are 
in more intimate connection than others, hence it follows that 
all aromatic compounds are proportionately ri(rh in carbon. 
Other atoms of carbon may attach themselves to this nucleus 

J Bull, So€. Chim. 1865, 1, 08. 
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in the same way, and according to the same laws, as is the case 
in the group of fatty bodies, and in this way tlie existence of 
homologous compounds is readily explained." ^ 

According to Kekule, the six atoms of carbon in the aromatic 
nucleus are alternately connected by one and by two combining 
units to form a closed ring, as shown in the following graphic 
fonnnla : — 



• ! » '• 



916 Explanation of Isomerism in the Aromaiic Group. — If 
the six free combining units of the nucleus are saturated with 
hydrogen, the simplest aromatic compound, viz., benzene, C^H^, 
is formed. From this all the other aromatic compounds 
may be derived by the same processes as the fatty bodies are 
derived from methane. Hence, benzene may be regarded as the 
marsh gas of the aromatic series, and this series is defined as 
group of the benzene derivatives. Kekul^'s formula not only 
explains the above-named facts, but also the following, which 
will be mentioned in detail in the sequel ; 

(1) In the case of the mono-substitution products of benzene 
no case of isomerism ocxiurs, as all the six atoms of hydrogen of 
this hydrocarbon are of equal vahie, and, therefore, indis- 
tinguishable one from the other. 

(2) If two atoms of hydrogen be replaced by elements or radicals, 
termed " side chains," three isomeric compounds may be formed 
whether the entering element or side chain be identical or 
different, and this conclusion is borne out by experiment. 
This isomerism is due to the fact that the bodies replacing 
hydrogen take up different positions in the benzene ring. If 
we represent benzene by a hexagon, at each of whose angles a 
carbon atom is placed, and number these 1 to 6, it is clear that 
three different dibromobenzcnes, CgH^Br^, or nitrobromobenzenes, 

' KekuL*, Lchrhuch, ii. 195. 



8 AROMATIC COMPOUNDS. 



Br 


;Br 


= 1 


:2 


Br: 


Br 


ss 1 


:3 


Br: 


:Br 


^s X 


:4 


Br: 


NOj 


^ \ 


:2 


Br: 


NO, 


= 1 


:3 


Br, 


;N0, 


:^ ^ 


:4 



CgH4(N02)Br, can exist in which bromine or nitroxyl takes the 
following positions : — 

'\/ 

4 

Every other position is identical with one of the above; 
hence, these may be distinguished as adjacent, alternate, and 
opposite. Tri-substitution products of benzene containing 
identical elements or side chains can also occur, but only in 

three modifications : — 

1:2:3 
1:2:4 
1:3:5 

These are distinguished as adjacent, as3anmetrical, and sym- 
metrical. It is also clear that if four atoms of hydrogen are 
replaced by some element or radical three isomeric compounds 
can also occur. 

Supposing, however, that the entering elements or radicals 
are not identical, it is plain that the number of isomeric bodies 
will be increased ; thus, for example, we are acquainted with 
six nitrodibromobenzenes, CgH3(N02)Br2, in which, if the 
nitroxyl occupies position 1, the bromine atoms may occupy the 

following positions : — 

1:2:3 
1:2:4 
1:2:5 
1:2:6 
1:3:4 
1:3:5 

Supposing, again, that all the three, or even more, elements 
or side chains are different, we see that the number of possible 
isomerides vdll of course be larger. 

9x7 Characteristic Properties of Aromatic Bodies. — By the 
action of chlorine and bromine on benzene, substitution pro- 
ducts are formed, but under certain conditions additive products 
may also be produced, inasmuch as benzene combine* ^\\\\ 
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two, four, or six atoms of the halogen, but not with more. In 
support of his theory Kekul^ adds : " Some few chemists incline 
to the view that benzene and hydrocarbons homologous with it 
are derived from hydrocarbons belonging to the class of fatty 
bodies by simple loss of hydrogen, and the consecjuent more 
intimate union of the carbon atoms. I do not sliare this view, 
but rather believe that the hydrocarbons of the family CgH^, 
prepared from CgHig by subtraction of hydrogen, will turn out 
to be only isomeric, and not identical with benzene." Such a 
hydrocarbon is in fact now known, and it is termed dipropinyl, 
CH = C.CH^CH^C = CH. (See vol. iii. Part II. p. 400.) 
This compound combines energetically with bromine to form a 
tetrabromide, CgH^jBr^ and on warming with bromine it yields an 
octobromide, C^H^Brg. On the other hand, its isomeride benzene 
exhibits totally different reactions, inasmuch as it combines with 
bromine and chlorine only slowly, and moreover is incapable of 
taking up more than six atoms. The formation of this additive 
product is quite analogous to that of ethylene dibromide from 
ethylene : as in this instance so in the case of benzene, the 
double linkage of the carbon atoms is resolved into a single 
linkage, but the closed ring form remains unaltered. By acting 
on ethylene dibromide with alkalis, bromethylene is formed, 
and in like manner benzenehexbromide is converted into 
tribromobenzene. 

The substitution products of benzene react quite differ- 
ently from those of the paraffins. By the action of chlorine, 
monochlorobenzene, CgH^Cl, is formed, and this was funnerly 
supposed to be the chloride of a monovalent alcohol ratlical and 
termed phenyl chloride. It does not, however, exhibit any of 
the properties of an alcoholic chloride, inasmuch as it holds its 
chlorine in a much more retentive form, and is not attacked 
when heated with caustic potash, silver salts, ammonia, &c. 

The action of concentrated nitric acid serves as another 
characteristic test for the aromatic compounds, as these readily 
form nitro-compounds, bodies which in the fatty series are only 
obtained by indirect processes ; thus benzene yields nitrobenzene, 
CgHgNOy, this passes easily by reduction into aniline, C^H^NHg, 
a body which was formerly called p-honylamine, but now termed 
amidobenzene ; for, although in some respects it possesses 
analogies with the compound ammonias, it differs widely from 
them in other respects, especially in not possessing any am- 
woniacal smell and having a perfectly neutral teac^isu 
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of a normal propylbenzene and an isopropylbenzene, CgH^.CH 
(0113)2, &c. In the second series the isomeric forms, as has been 
explained, commence with the first term and end with the last 
but one. 

It is clear that two and more atoms of hydrogen in benzene 
can be replaced by alcohol radicals homologous with methyl 
These may be either the same or dififerent, and this gives rise 
to a number of isomeric bodies. 

In all these hydrocarbons the hydrogen in the aromatic 
nucleus, as well as that in the side chain, can again be replaced, 
and from this it will be seen that the number of benzene 
derivatives may be extremely large, and the possibility of a 
further increase is evident when we remember that the hydrogen 
of the benzene i3 not merely capable of replacement by a monad 
alcohol radical, CnHjn-i-i, but also by groups containing less 
hydrogen. Thus for example we are acquainted with the 
following hydrocarbons : 

Styrolene or phenylethylene . . . CflHg.CH^zCHj. 
Allylbenzene or phenylpropylene . CgHg.CH — CH.CH3. 
Crotonylbenzene or phenylbutylene CeH^.CH2.CH2.CH — CHg. 

And derivatives of these, such as : 

Cinnamic alcohol or phenylallyl alcohol, CgH5.CH=zCH.CH2.0H. 
Cinnamic aldehyde or phenylacrylaldehyde,CgH5.CHi=:CH.C0H. 
Cinnamic acid or phenylacrylic acid, CgHg.CHz^CH.CO.OH. 
Hydroxyphenylpropylene, C6H,(OH)CH=zCH.CH3. 

These compounds exhibit the general properties of the 
olefines or of the compounds of the allyl series ; they unite 
with hydrogen, the elements of the chlorine group and their 
hydracids, &c., forming saturated compounds. 

The number of side chains which are contained in an aromatic 
hydrocarbon, or in its derivatives obtained by substitution in the 
side chains, may easily be ascertained by oxidation with chromic 
acid solution. If only one side chain be present as in toluene, 
ethylbenzene, propylbenzene, amylbenzene, plienylethylene or cin- 
namic alcohol, &c., the monobasic benzoic acid is produced. The 
constitution of the side chain in such hydrocarbons may also be 
ascertained in the same way ; thus amylbenzene, CgHg.CH.,.CH2. 
CH(CH3)2, in addition to benzoic acid, yields isobutyric acid.' 

^ Popow and Zincke, Ber. Daifsch. Ckcm. Gca. v, ^%\. 
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If two side chains be present, one of the three phthalic acids or 
benzenedicarboxylic acids, CgH4(C02H)2, is formed, and if three 
such side chains be present a tribasic benzenetricarboxylic acid, 
C^H3(C02H)3, is formed. All the carboxylic acids of benzene 
yield, when distilled with slaked lime, carbon dioxide and benzene. 

When dilute nitric acid or potassium permanganate is employed 

as the oxidizing agent, only one side chain is at first oxidized to 

carboxyl, and, if these side chains are diiferent, the longest of 

them is attacked first. The dimethylbenzenes, CgH^(CH3)2, 

f CH 
ethylmethylbenzenes, C^H^ i P ff » *^^ propylmethylbenzenes, 

C^H^-j p j| , yield monobasic toluic acids, CgH^< QQ^xTjandjOf 

the last class, that which contains normal propyl yields in 

addition acetic acid.^ One trimethylbenzene, CqH3(CH3)3, treated 

( (OH ^ 
in a similar way, first yields a monobasic acid, CgHg -! p^ H^* 

( CH ^ 

and then a dibasic acid, C^Hg < ,pp? -rrx ; the first of these yields 

dimethylbenzene when distilled with lime, and the second, like the 
toluic acids, jaelds toluene. In certain cases it has been observed 
that when the oxidation is carried on very slowly, a long side 
chain is not at once oxidized to carboxyl, but that intermediate 
products are formed ; thus, for example, by oxidizing ethyl- 
benzene, CgHgCHjCHj, some methylphenylketone, CgH5.CO.CH3, 
is obtained,^ whilst from triethylbenzene, CgH5(C2H5)3, together 
with trimesitic acid, CgH3(C02H)3, the tribasic isophthalacetic 

acid, CgHs, •< ^jj ^q^ jj, is obtained.^ 

919 Formation of Aromatic Hydrocarbons. — In addition to 
the above-mentioned mode of formation from the acids, a large 
number of the hydrocarbons can be obtained by simple synthesis, 
as is the case with paraffins, and by this means their constitution 
can be ascertained. 

1st. A mixture of a brominated hydrocarbon and the iodide 
or bromide of an alcohol radical is treated with sodium thus : * — 

CeH^Br + CH3I + 2Na = C6H5.CH3 + NaBr + Nal. 
CgH.Br.CHa + CgH^Br + 2Na = CgH^ { ^^ + 2NaBr. 
C«H^Br2 + 2CH3I + 4Na = C^H^ (CH3)2 + 2NaBr + 2NaI. 

' Dittmar and Keknl^, Ann. Chem. Pharm. clxii. 837. 

' Bahlson^ Bull. Hoc. Chim. xxxii. 615. ' Ibid, xxxlv. 625. 

' FittigaDd Tollena, Ann. Chcin. Phann. cxxxi. Z^X 
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2nd. The zinc compound of the alcohol radical is allowed to 
act on benzyl chloride or benzylene chloride thus : — 

2CeH,.CH,Cl + ZnCC^H^), = 2CeH,.C3H7 + ZnCl,. 
C^H^.CHCl, + ZnCCHg), = CeH,.CH(CHj2 + ZnCl,. 

3rd. By the action of a halogen compound of an alcohol radical 
upon a mixture of an aromatic hydrocarbon and aluminium 
chloride. 

Thus, if methyl chloride be passed through a mixture of 
aluminium cliloride and benzene the chief product is durene or 
tetramethylbenzene, whilst hydrochloric acid is evolved.* 

Toluene treated in like manner yields dimethylbenzene, 
trimethylbenzene, tetramethylbenzene, pentamethylbenzene and 
hexmethylbenzene.^ If ethylene be passed through a heated 
mixture of aluminium chloride and benzene, ethylbenziene, 
diethylbenzene and triethylbenzene are formed.' The part 
which aluminium chloride plays in tliis complicated reaction 
is not known. 

4th. Aromatic hydrocarbons are also formed by the condensa- 
tion of hydrocarbons of the acetylene series. Berthelot found 
that if acetylene be heated to a temperature at which glass 
softens, a considerable quantity of benzene is produced. 

CH CH 

^ ^\ 

CH CH CH CH 



CH CH CH CH 

% \/ 
CH CH 

At the same time styrolene, CgHg, naphthalene, C^^Hg, and other 

hydrocarbons are formed. 

If methylacetylene be dissolved in sulphuric acid . and the 

mixture distilled, mesitylene or symmetrical trimethylbenzene 

is formed : 

SCHizzC.CHg = CQH3(CHy)jj. 

Dimethylacetylene, CHjC^C.CHj, when shaken with sulphuric 
acid, is converted into hexmethylbenzene, Cg(CHy)(j, (see voL 
iii. Part II. p. 463). 

' Friedel and Crafts, Bull. Soc. Chim. xxviii. 147 ; Ann. Chim. Phrs. [6], i. 
449. 

* Bull. Soe. Chim. xxix. 481 ; Ador. ii. Uilliet, 2»Vr. Dcxitsch. Chcm. Gca xii. 
829 ; Jacobsen, ihid. xiv. 2624. 

' Bahlson, .Bull, iioe, Chim. xxxi. 539. 
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5th. Tlie ketones containing methyl are converted hy distilla- 
tion with sulphuric acid into aromatic hydrocarbons, which 
contain three alcohol radicals in symmetrical position : — 

3CH3.CO.CH3 = CeH3(CH3)3 + SH^O. 
3CH3.CO.C,H, = CeH3(C,H,)3 + 3H,0. 
3CH3.CO.C3Hy = CgH3(C3Hy)3 + 3H2O. 

6th. Aromatic hydrocarbons occur in many balsams and ethereal 
oils, as well as in certain petroleimis. They are formed by the 
dry distillation of organic substances, and hence they occur in 
wood-tar and in larger quantities in coal-tar, in which we find 
benzene, toluene, dimethylbenzenes, trimethylbenzenes, and a 
large number of other aromatic compounds. 

In a memoir on the pnxlucts obtained in the preparation of 
illuminating gas from resin, Pelletier and Walter so early as 
the year 1838 remark, that chemical operations conducted on 
the large scale oflTer opportunities for observing phenomena, in- 
vestigating laws, and preparing new products which do not present 
themselves in laboratory experiments. Chemical industry, largely 
indebted to theory for its progress, repays the chemist whose 
assistance she needs, by presenting him with new compounds for 
investigation and thus science is widened and industry developed. 
In this way the manufacture of coal-gas has enriched organic 
chemistry with many new compounds, whose investigation has 
proved of the greatest interest. But for coal-gas Faraday's 
liquid hydrocarbons, butylene and benzene, Kidd's naphthalene 
and Dumas and Laurent's pai^anaphthalene (anthracene) would 
still have to be discovered. ^ 

Pelletier and Walter discovered toluene in the oil obtained 
from distillation of resin. This body, together with its homo- 
logues, benzene, naphthalene, anthracene, are now obtained from 
coal-tar on the large scale. This black, tarry and foully smelling 
substance, an essential product of the coal-gas manufacture, and 
formerly a noxious and useless article, has now l>ecome not only 
of the greatest importance to the colour manufacturer but most 
valuable to the scientific chemist, as a means of carrying on 
the investigation of interesting and important bodies to an 
extent wliich would have been impossible but for the introduc- 
tion of the gas manufacture. For this coal-tar has proved a 
source, as yet inexhaustible, of new aromatic compounds, from 
which valuable materials, such as the colouring matter of madder 

^nn. Chini. Phys. l.\\u. 269. 
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and indigo, bodies previously only known as natural products, 
can now be artificially prepared. 

Additive Products of tJte Aromatic Compounds. — When benzene 
and its homologues are heated to 280° with fuming hydriodic 
jicid they combine with six atoms of hydrogen and give rise to a 
homologous series whose members are isomeric with the olefines.* 

Hexhydrobenzene . . . C^H^j. 
Hexhydromethylbenzene . C^H^^. 
Hexhydrodimethylbenzene CgHjQ. &c. 

These bodies are distinguished from the defines inasmuch as 
they do not combine directly with bromine, this element forming 
with them substitution products. The constitution of the com- 
pounds thus produced corresponds to that of the chlorine and 
bromine additive products which have been already described ; like 
these they contain six carbon atoms in a closed ring, but connected 
by single linkages. These hydrocarbons are found in Baku petro- 
leum,* and also probably, together with paraffins and with 
hydrocarbons of the benzene series, in that of Galicia.* 

According to Markownikow and Oglobin, the hydrocarbons 
which occur in Caucasian petroleum are not hydrogen addition 
products of benzene and it-s homologues, but consist of a peculiar 
group of bodies, to which they gave the name of naphthenes.* 

Ethereal oils contain hydrocarbons having the common for- 
nuite Cl^JH^g, and termed terpenes ; these stand in close con- 
nection ^vith cymene or propylmethylbenzene, Cj^H^^, and 
behave as hydrogen additive-products of this body. 



DERIVATIVES OF AROMATIC HYDROCARBONS. 

920 Halogen Substitution Products. — Derivatives may be ob- 
tained from aromatic hydrocarbons by replacing hydrogen either 
in the side chain or in the aromatic nucleus. We have already 
seen that m the first case chlorine is very powerfully combined, 
inasmuch as it cannot be removed by alkahs, silver salts, sodium 
sulplute, ammonia, etc. ; on the other hand, the compounds ob- 
tained by substitution in the side chain react hke the chlorides 
of radicals of the fatty group. 

* Wmlen, Lifhig'g Ann. clxxxvii. 168. 

= BeiUtein and Kurbatow, Brr. Detif^h. Chan. Gcs. xiii. 1818 ; xiv. 1620. 

* I^achowicz, Liebig's Ann. crxx. 188. 

* Mer. Deutseh. Chtm. Gcs. xvi. 1873. 
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When benzene is treated by chlorine alone no regular substi- 
tution takes place, but if a small quantity of iodine be added it 
takes place quietly and step by step, the iodine acting as a 
carrier of the chlorine in consequence of the constant formation 
and decomposition of iodine chloride.^ In this reaction some 
iodobenzene is always formed. In order to replace the last 
atoms of hydrogen, antimony chloride is advantageously em- 
ployed as a carrier of chlorine (H. Muller). The reaction takes 
place even more easily and regularly if one per cent, of molyb- 
denum chloride be employed instead of iodine.^ 

Chlorine reacts upon the homologues of benzene in a pecuhar 
way; if this gas be passed through the liquid in the cold, 
substitution only takes place in the nucleus ; but in presence of 
iodine and antimony chloride this same substitution occurs 
whether the saturation takes place in the cold or at the boiUng 
point ; if, however, free chlorine be allowed to act alone upon 
the boiling hydrocarbon, a replacement of hydrogen in the side 
chain is alone effected. If the mixture be allowed to cool, 
substitution again occurs in the nucleus; on heating a second 
time the chlorine reverts to the side chain. Thus we obtain 
as final products from toluene, tetrachlorobenzenyl trichloride, 
C^HCI^.CClj, and pentachlorobenzidene dichloride, Cg.Clg.CHCljj. 
If an attempt be made further to chlorinate these bodies 
in presence of iodine, a decomposition into hexchlorobenzene, 
CgClg, and tetrachloromethane, CCl^, takes place.^ The homo- 
logues of toluene exhibit quite a similar behaviour, and when 
thoroughly chlorinated yield the two chlorides of carbon as final 
products.* 

^online acts in the same manner as chlorine, only less quickly. 
In tcfe cold, or in presence of iodine, the bromine takes its 
place in the nucleus ; at the boiling point it appears in the side 
chain. As commercial bromine frequently contains iodine, it 
must be purified by distillation with potassium bromide when a 
substitution in the side chain has to be effected.^ If bromine 
containing iodine be heated with benzene homologues, the 
formation of hexbromobenzene and tetrabromobenzene is 
observed. 

Iodine cannot effect a direct substitution, but if benzene be 

^ Hugo Muller, Journ. Chem. Soc. xv. 41. 

' Aronlieim, Bcr. DcvUch. Chcm. Oes. viii. 1400. 

' Bcilstein and Goitiior, Avn. Chem. Phann. rxxxix. Ot>l. 

* Krafft and Merz, Ber. Vcutwh. Chcm, Ge$, vui, 1^^^. 

' Tboi-pe, J*roc. Iloy. !^oc. xviii. 12^^. 

VOL. in. — PAHT III. C 
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heated with iodine and iodic acid to a temperature of from 200 
to 240° the following reaction occurs : 

5CeHo + HIO3 + 2I2 = bC^H,! + SH^O. 

In this case part of the benzene is oxidized by the iodic acid 
to carbon dioxide and water.^ The iodine substitution products 
of the aromatic liydrocarbons are far more easily obtained by 
the action of hydriodic acid on the diazo -compounds. They are 
as stable as the chlorine and bromine derivatives, which latter 
may also be obtained by means of the diazo-reaction. Halogen 
substitution products of the aromatic hydrocarbons are also 
formed by action of phosphorus compounds of the halogens on 
phenol, or the aromatic alcohols ; they may likewise be obtained 
from substituted acids, by heating the same with lime or 
baryta. 

NitrO'StcbstUution Products are formed by the action of 
concentrated nitric acid on hydrocarbons, when nitroxyl, NOg, 
replaces the hydrogen in the aromatic nucleus but not in the 
side chain.^ When the action takes place in the cold, the 
mono-nitro compound is easily formed ; when heated, or when a 
mixture of nitric and sulphuric acids is employed, higher sub- 
stitution products are obtained. The larger the number of side 
chains which a compound contains, the more readily does the 
nitration take place, and the action may be moderated by 
previously dissolving the substance in glacial acetic acid. 

The halogen substitution products are in like manner con- 
verted into nitro-compounds by the action of nitric acid ; but if, 
on the other hand, the nitrated hydrocarbons be treated with 
chlorine or bromine, the reactions take place only on warming, 
and then the halogen takes the place of the nitroxyl group. The 
substitution is aided by the presence of iodine, and, as in the 
case of chlorine, the action takes place more readily in presence 
of antimony cliloride. 

921 Sulphoiiic Acids. — By acting with concentrated or fuming 
sulphuric acid on the hydrocarbons, or on their halogen sub- 
stitution products, &c., monosulphonic acids or disulphonic 
acids are formed, the substitution taking place in the nucleus : 

CeHe -f SO.,(OH)., = C^H,S02.0H -f Hp. 

CeH,.CH3 -f 2S0.^(0H), = C,H3(S02.0H).,CH3 -f 2H2O. 

' Kekul^, Ann. Ch^m. Pharm. cxxxvii. 161. 

' Some comi>ounds containing two carbon atoms in double linkage in the side chain 
form an exception, such as Htyrolene or phenylethylene, CrHr.CHuCH.,, which 
becomes converted by nitric acid into phcnylnitroethylcnc, C^H^.CHii.CH'SO.i. 
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Trisulphonic acids are formed by heating with sulphuric acid 
and phosphorus pentoxide. Chlorosulphonic acid, SOgC^HO), 
acts in a similar way to sulphuric acid ; ^ it may also be employed 
for the preparation of trisulphonic acids.^ 

The sulphonic acids of the aromatic group closely resemble 
those of the members of the fatty group and, like these, are 
easily soluble in water. On heating, they split up into sulphur 
trioxide and the original hydrocarbon, and this reaction may be 
employed for separating aromatic hydrocarbons from those 
containing more hydrogen. In cases, such as that of coal-tar, 
when the two series occur together,^ this reaction depends on 
the feet that hydrocarbons rich in hydrogen are either, like the 
paraffins, unattacked by sulphuric acid or, like the olefines, either 
converted into the acid sulphates of the alcohol radicals or 
polymerised. When the sulphonic acids undergo dry distillation 
they always yield by-products, which diminish the yield of 
the hydrocarbon ; better results are obtained when the sulphonic 
acid is dissolved in concentrated sulphuric acid and the mixture 
then treated with superheated steam.* 

When acted upon by phosphorus pentachloride the sulphonic 
acids yield sulpho-chlorides and these are converted by zinc into 
sulphinic acids such as CgH^SOgH ; these are also readily formed 
by leading sulphur dioxide into a mixture of a hydrocarbon and 
aluminiimi chloride : ^ 

They readily take up oxygen again and are converted into 
sulphonic acids. 

922 Phenols. — This name is applied to compounds containing 
one or more hydroxyls in the nucleus. They arc obtained by 
fusing a sulphonic acid with caustic potash thus : 

CeH^.SOgK + HOK = CoH^OH + SO3K,. 

They are also formed from amido-compounds by the action of 
aqueous nitrous acid : 

C^Hj.NHg -h HO.NO = CeH^.OH + H^O + N^. 

* Beckurts and Otto, Bcr. Deutsch. Chcm. Gcs. xi. 2061. 
^ Claeson, Ibid, xiv. 307. 

* Beilstein, Ann. Chcm. Phann. cxxxiii. 34. 

* Armstrong and Miller, Joum. Ckcvi. Soc. 1884, u. 148. 
« Fncdeland Crafts, Compt. Iknd. Ixxxvi. lSf)8. 
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In this case, however, the diazo-compound is formed as an 
intermediate product. 

Aromatic oxyacids which contain an hydroxyl in the nucleus 
decompose when heated alone or with baiyta into carbon 
dioxide and a phenol ; this same decomposition takes place on 
heating with hydrobromic or hydriodic acids ; thus salicylic acid 
readily yields common phenol or monohydroxybenzene : 

^6^4 { CO H ~ ^oHs-OH + Cpg. 

This substance is found, together with other phenols and their 
methyl ethers, in wood-tar and coal-tar. Thymol, CgH3(OBQ 
0113(03117), is a phenol which occurs as a constituent in a large 
number of ethereal oils. The phenols exhibit in certain 
relations strong analogies with the alcohols, and indeed were 
formerly classed amongst them. 

In other respects, however, they difier from them very dis- 
tinctly — e.g. the hydrogen of the hydroxyl is very easily replaced 
by metals. In order to prepare sodium ethylate, 02H50Na, 
alcohol must be treated with sodium, whereas sodium phenate 
is formed at once by action of caustic soda upon phenol. A 
very characteristic reaction of the phenols is their behaviour 
with nitric and sulphuric acids. They do not form any acid 
ethers (or ethereal salts) 'vvith these acids, but yield sub- 
stitution products, and these are more readily formed than 
is the case with the hydrocarbons ; thus we obtain nitrophenol, 
06H,(N0o)0H, phenolsulphonic acid, 0eH^(0H)S03H, &c. 
Whilst the nitro-hydrocarbons are only attacked by chlorine 
and bromine with difficulty, the nitrophenols readily yield 
substitution products. The phenols are moreover distinguished 
from the alcohols by the fact that they withstand the 
action of acid oxidizing agents, though in alkaUne solutions 
they absorb oxygen, and those which contain many hydroxyls 
readily reduce the salts of the noble metals. These and similar 
reactions are of a complicated character, and greatly differ from 
the simple oxidation of the alcohols. 

Phenol EUiers are obtained by heating the phenols with 
caustic potash and the alcohoUc iodides : 

0«H,OK + OH3I = O^jH^OOHa -f KI. 

Ky heating with the hydracids these bodies are converted into 
phenol and a haloid ether. They are acted upon by the elements 
of the chlonne group, nitric acid, sulphuric acid, and chioixiic 
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acid, exactly as the hydrocarbons are ; thus cresolmethyl ether, 

{OCH 
pTT * yields on oxidation methyloxybenzoic acid. 

The acid phenol ethers are obtained by the acticjn of chlorides 
or oxides of the acid radicals on the phenols : ^ 

CeH^.OH + (CgHaO)^ = CeH^.O.CgHgO + (C2H30)OH. 

They are very readily saponified by alkalis. The phenols when 
heated with zinc-diist are reduced to hydrocarbons : 

CeH^OH + Zn = C^Hq + ZnO. 

Phenol ethers, on the other hand, may be distilled over zinc-dust 
without undergoing change. Neutral ferric chloride colours 
aqueous solutions of the phenols violet, blue, red, or green, but 
not that of its ethers. Many oxyacids which are at the same time 
phenols likewise exhibit this reaction.^ 

If a phenol be shaken with a solution of potassium nitrite in 
concentrated sulphuric acid (Liebermann's reagent) the solution 
first becomes brown, then green, and finally a bright blue.^ 

When the hydrogen in the nucleus of a phenol is substituted 
by a halogen or by nitroxyl, or other electro-negative radicals, 
its acid character becomes more marked ; thus trinitrophenol or 
picric acid, CoH2(N02)30H, possesses all the properties of a 
powerful monobasic acid. 

In addition to phenols containing one hydroxyl, others arc 
known containing two and three hydroxyls ; thus we are ac- 
quainted with three dihydroxybenzenes, CgH^(0H)2, viz., pyro- 
catechol, resorcinol, and hydroquinol. 

Thiophenoh are obtained by the action of phosphorus penta- 
sulphide on phenols; or, better, by treating the sulphonic chlorides 
with zinc and dilute sulphuric acid. Like mercaptans these are 
unpleasantly-smelling bodies, readily forming metallic salts or 
niercaptides. 

On oxidation they are easily converted into sulphides and 
disulphides ; thus ordinary thiophenol, CqH^SH, yields (CgHJoS 

The monosulphides are oxidized by chromic acid solution 
to sulphones, such as diphenylsulphone, (0^115)2802. These 

^ Bar.yer, Ann. Chnn. Phann. cxl. 295. 
2 H. Schiff; ibid, clxix. 164. 
^ Liehormann, Bcr. IMUsch. Chan. Oca. v\\. 1\^, \Ci^%. 
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bodies are also obtained by the action of sulphur trioxide on a 
hydrocarbon, and are also produced together with a hydrocarboii 
when a sulphonic acid undergoes dry distillation. 

923 AmidO'Compmcnds are formed by the action of nascent 
hydrogen on nitro-compounds ; thus from nitrobenzene we 
obtain aniline or amidobenzene : 

CeH.N/ I + 6H = CeH,.N/ + 2H,0. 

Aniline and its homologues, such as toluidine or amidotoluene, 
CqH^(CH3)NH,, were formerly classed as amines. They are, 
however, as different from these as phenols are from alcohols, 
and hence Griess proposed to call them amido-compounds.^ 

They are only weak bases, although they combine readily with 
aeids to form salts which easily crystallize but exhibit an acid 
reaction. On the other hand benzylamine, C^jHg.CHgNHg, an 
isomeride of toluidine, is a strong caustic liquid, miscible with water, 
possessing a powerful alkaline reaction, and rapidly absorbing 
carbon dioxide from the air. Aniline and its homologues, on the 
contrary, are only sHghtly soluble in water, possess an aromatic 
smell, exhibit no alkaline reaction, and do not form carbonates. 

These bodies resemble the amines, however, inasmuch as the 
hydrogen of the amido-group can be replaced by alcohol radicals 
by the action of the haloid salts of the latter. The action of 
nitrous acid on the amido-bases is characteristic. The primary 
amines such as aniline are thus converted into phenols, as the 
primary amines are into alcohols. The secondary amides when 
treated with nitrous acid also behave as secondary amines do, 
thus niethylanilinc, CqH5N(CH3)H, is converted into nitroso- 
methylaniline, CgH^N (CHgJNO. The action of this same 
reagent on the tertiary compounds is, however, very different, 
the amines not being attacked, whilst in the amido-compounds 
nitrosyl replaces hydrogen in the nucleus ; thus, from dimethyl- 
aniline we obtiiiii nitrosodimethylaniline : 

C«H,(N0)N(CH3),. 

The t^^rtiary bases combine readily with the iodides of the alcohol 
radicals to form ammonium iodides and these are decomposed by 
moist silver oxide, with formation of strong alkaline and caustic 
hydroxides. 

^ Afift. Chrm. Phann. exxi. 258. 
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Secondary and tertiary bases are also formed when aniline 
hydrochloride is heated with methyl alcohol or other alcohols to 
from 280*^ to 300°. In this case the chloride of the alcohol 
radical is, doubtless, first produced. When wood-spirit is em- 
ployed other bnses containing the hydrogen in the nucleus 
replaced by methyl are produced in addition to methylaniHne 
and dimethylaniUne. Thus Hofmann and Martins found in the 
material which is prepared on the large scale for the manufacture 
of colours, dimethyltoluidine, CqH^(CH3)N (0113)2, dimethylxyli- 
dine, CgH.3(CH3)2N (0113)2 and dimethylcumidine, CoH2(CH3)3N 
(CH3)2.^ In addition to these a non- volatile diacid base, 
CjjHjgNj, occurs together with hexmethylbenzene.^ 

When trimethylphenyl ammonium iodide, C6H5N(CH3)8l, is 
heated to from 220° to 230°, two dimethyltoluidines are formed, 
together with a methylxyhdine and dimethylxyUdine ; whilst 
at higher temperatures such as 335°, or the melting-point of 
lead, cumidine, CgH2(CH3)3Nn2,^ is chiefly formed. At this 
temperature methylaniHne hydrochloride passes into toluidine,* 
whilst ethylaniUne, CqH^N(C2H5)H, is converted into amido- 
ethylbenzene, CgH^(C2H5)NH2, and amylaniline,CgH5N(C6Hij)H, 
into amido-amylbenzene, CgH^(C5Hji)NH2.^ Xylidine hydro- 
chloride when heated with methyl alcohol to from 250° to 300° 
is converted into cumidine.^ 

The hydrogen of the amido-group in the primary and 
secondary bases can be replaced by treatment with the chlorides 
or nitrates of the alcohol radicals. In the case of the tertiary 
compounds, no action of this kind can of course occur, and hence 
this reaction is employed for the separation of secondary and 
tertiary compounds which are often formed together. 

The hydrogen in the nucleus of the amido-compoimds can 
also be replaced by the halogen and nitroxyl groups, when the 
basic character of the original compound is weakened. This also 
occurs when the hydrogen of the amido-group in aniline is 
replaced by phenyl, thus diphenylamine, (CqH5)2NH, yields salts 
which are decomposed by water, whilst triphenylamine, (€^^115)3^, 
does not combine with acids. 

The dinitro-substitution products of the aromatic hydro- 
carbons are converted by nascent hydrogen into diacid bases ; 
such as diamidobenzene or phenylenediamine, CgH^(NH2)2, 

^ Ber. Deutsch. Chem, Ges. iv. 742. ^ Ihvl vi. 845. 

» Hofwann, Ibid. v. 704, * Ibid. N.l^^. 

' fdui. vii. 526. «. Ibid. x\v\.\U^. 
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to use the pure salt, but the amidocompomid may be dissolved 
in the requisite quantity of dilate solphoric acid and the 
theoretical amount of potassium nitrite gradually added in 
ar|ueous solution,^ The product is then boiled with water, when 
a phenol is formed : 

Hydriodic acid decomposes the salts of diazobenzene easily 
with formation of iodine substitution products, which are best 
obtained in this wav : 

CeH^.NVSO.H + HI = C;H,I + N, + SO,H^ 

Hydrobromic acid does not act so readily. If the diazo-salt 
be treated at the same time with hydrobromic acid and bromine, 
a diazobenzene perbromide is formed, which is easily decomposed 
on heating with alcohol : 

CeH,.NBr~XBr2 + CJI^O = C«H,Br + 2HBr + N, + C^^O. 

Hydrochloric acid acts with still greater difficulty on the 
diazo-salt, but if hydrochloric acid, platinic chloride and 
alcohol be added to its solution, a platinic chloride compound 
is J recipitated, which on heating with caustic soda decomposes 
as follows : 

(C,H5N2),PtC% = 2CeH5Cl + N^ + Pt + 2GU, 

If the diazo-salt be boiled with absolute alcohol the cor- 
responding hydrocarbon is produced : 

C,H,.N2.S0 JI + C,H,0 = C,Ho 4- N^ + SO,H, -h C,H,0. 

Phenol ether is however often thus produced and sometimes 
in large quantity : '^ 

CeH,.N,.SO,H -h C^H^.OH = C,H,.0.CeH5 + N^ + SO.Ho. 

Instead of converting the amido-compounds into diazo-salts, 
it is often possible to replace the amido-group directly by 
hydrogen. Tliis is accomplished by heating the ba«e with alcohol 
satunited with nitrogen trioxide and therefore containing ethyl 
iiitritii, when the diazo-compound is first formed, but aftt^wards 
(It 'composed by the alcohol. In many cases the yield of hydro- 
carbon is only small, as a large (quantity of resin is produced ; 

' Meyer and Ambiihl, Her. IknUch. Chrtn. fks. viii. 107 i. 
» ilalW, ibuL xvii. 1887 ; Hofrnann, ibid, xvii. 1917. 
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this however may be avoided by decomposing the diazo-chloride 
with stannous chloride as follows : 

CeHg.NjCl + HgO 4- SnCl^ = G^U^ + N^ + SnOCl^ + HCl. 

926 Diazoamido-Cmipmcnds are formed when nitrous acid 
acts upon an alcoholic solution of a base, sucli as aniline, which 
must be present in excess, and also when a base is brought in 
contact with a diazo-salt in an aqueous or alcoholic solution : 

C^.N=zNCl + NH2.C6H5 = CeH,Nzz:N.NH(CeH,) + HCl. 

A large number of diazoamido-compounds can be prepared 
from other bases and diazo-salts. These are not colourless like 
the diazo-salts but possess a yellow tint ; they do not combine with 
acids but form double platinum chlorides. They are converted 
into diazo-compounds by the further action of nitrous acid ; 
when heated with water or acids they undergo a similar de- 
composition to the diazo-salts, amido bases being formed at the 
same time : 

Some of these bodies readily pass into the isomeric amidoazo 
compounds. In the case of diazoamidobenzene this change 
occurs when its alcohoUc solution is allowed to stand for a few 
days ; the reaction takes place more readily if some aniUne hy- 
drochloride be added to the solution.^ Tn this reaction the aniline 
residue CgH^.NHg takes the place of NH.CgHg; but as aniline 
hydrochloride is formed in the reaction, a small quantity of this 
salt is sufficient to convert a large quantity of diazoamidobenzene 
into amidoazoj(>enzene : 

C,H5.N=N.NH.CeH5 + (CoH,)NH,.ClH = 
Cefi^'N=N.CeH,.NH2 + NH^CCoHJClH. 

Other diazo-compounds undergo similar clianges more or less 
easily according to their constitution; thus diazopara-amidotolueue 
prepared from paratoluidine CgH^(CH3)NH2 is not converted by 
contact with a hydrochloride of this last-named salt into an 
amidoazotoluene as are the corresponding compounds prepared 
from the two isomeric toluidines, which are at once converted by 
nitrous acid into amidoazo-compounds. The same holds good for 
the homologues of this body and for other amido-compounds not 
containing hydrogen in the para position, compounds in this case 
being formed, of which many belong to the class of the azo- 
colours. 

1 Zdlsrhr. Chrvi. 1866, 689. 
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When phenol acts upon diazobenzene sulphate, diphenyl oxide 
is produced. 

CeH,.N,.SO,H + HO.CeHg = N^ + SO.Hg + CoHg.O.CeH^. 

If, however, potassium phenate be used,oxyazobenzene is obtained: 

CeH,.N2.N03 + KO.CejH^ = KNO3 + CeH5.N2.CeH^OH. 

A series of oxyazo-compounds, also used as colours, has recently 
been obtained from diazo-salts and alkaline solutions of phenols 
or their sulphonic acids. 

Azylines are formed by the action of nitric oxide on tertiary 
amido-compounds, which are then partly oxidized : 

2CeH,.(CH3)jN + 2N0 = (CH3)2NCeH,.N=N.CeH,.N(CH3),. 

These are strong bases possessing well crystallizable coloured 

salts. 

Diazoamines are formed when a diazo-salt acts on primary and 

secondary amines.^ 

Diazobenzene-ethylaminc. 

C9Hg.Nj.NOj + HjN.CjHj = C,H5.N8.NH.CsjH5. + NOgH. 

Diozobonzenc-dimctbylamine. 

CeH,.N,.N03 + HN(CH3)2 = C<,H6.N,.N(CHs), + NO3H. 

These are converted into the isomeric amidoazo-compounds, but 
corresponding mixed nitroazo-compounds are known which are 
formed when the sodium compound of a nitro-paraffin is brought 
in contact with a diazo-salt.^ 

Azoplicnylnitroethyl. 

C6H5.N2.NO3 + NaCgH^-NOg = CeH5.N2.C5jH,.N02 + NaNOj. 

The reactions of these bodies resemble those of tljg other azo- 
compounds ; they are yellow colouring matters. ^ 

927 Hydrazines are formed by the action of an excess of 
acid potassium sulphite on a diazo-salt : ^ 

C0H5.NzzN.NO3 + 3KHSO3 = 

CeH^.NH— NHSO3K + KHSO, + KNO3 + SO^. 

In this reaction the potassium salt of phenylhydrazinesulphonic 
acid is first formed, and this converted by boiling with hydro- 
chloric acid into phenylhydrazine hydrochloride : 

CeH5.N2H2.SO3K + HCl + H2O = CeH5.N2H3.ClH + KHSO,. 

^ Tkeyer and Jager, B&r. Deuisch. Chfin. Gcs, viii. 148. 
' Meyer and Ambiihl, vbid. viii. 751, 1073. 
' E. Fischer, Liebig's Ann. cxc. 67. 



AROMATIC ALCOHOLS AND ACIDS. 21) 



Hydrazines are also formed when a diazoamido-compound is 
treated with zinc-dust and acetic acid : 

C0H5.NzzN.NH.CeH5 + 4H = CeH^NH-NH^ + H^N.CoH^. 

Secondary hydrazines are formed in a similar way from nitroso- 
bases ; nitrosodiphenylamine yields diphenylhydrazine : 

(C,H5)2N - NO + 4H = (C,H5),N - NH^ + H,0. 

Asymmetrical ethylphenylhydrazine, CeH5N(C2Hg) — NH^, is 
formed from nitrosoethylaniline. The same compoimd is also 
formed together with asymmetrical ethylphenylhydrazine, (C^Hg) 
NH — NH(C2H5), by the action of ethylbromide on phenyl- 
hydrazine. This latter compound is oixdized by mercuric oxide 
to azophenylethyl, C^H^N = NCgHg, and this compound unites 
with hydrogen to form the original compound, which may there- 
fore be called hydrazophenylethyl.^ The asymmetrical compound 
yields on oxidation with mercuric oxide, diethyldiphenyltetrazon, 
a body having the following composition : 



N— N< 

/CgHg 
N— N< 

The aromatic hydrazines resemble the same class of compounds 
belonging to the fatty series, and are, however, monacid bases. 
Aromatic compounds are also known containing phosphorus, 
arsenic, silicon and metals. 

928 Ar&matie Alcohols and Acids, — Aromatic alcohols are 
formed by 'Replacement of hydrogen in the side chain of the 
hydrocarbon by hydroxyl ; their mode of preparation corresponds 
exactly to that employed in the preparation of the alcohols of 
the fatty group, and, as in this latter case, primary, secondary and 
tertiary aromatic alcohols are known as well as those containing 
divalent and polyvalent radicals. 

Plienylethyl alcohol. Plienyldimethyl carblnol. 

CeH5.CHj.CH2.OH. C6H5.C(OH)(CH3)j. 



riienylmethyl carbiuol. Tolyl alcohol. 

C0Hg.CH(OH)CH3. CgH^v 



/CH3 



CH,.OH. 

* Fuichor aud Erhard, Licbufs Ann. cxcix. 325. 
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Fhenylotbylene glycol. Tolylene glycol. 

C„H5.CH(OH)CH2.0H. C^H^{ 



'\CH,. 



OH, 



Phenyl glycerol. 

CeH,.CH(0H)CH(0H)CH2.0tt 



In these alcohols the hydrogen of the nucleus can be replaced 

by other elements or radicals and thus a series of compounds is 

obtained, which, on the one hand, act as fatty bodies, and on the 

other, like aromatic substances. Thus, some are known which 

are at once phenols and alcohols, to this class belongs oithoxy- 

.OH 
benzyl alcohol, C^H^^" 

^CHgOH. 

Aromatic alcohols react with oxidizing agents in a manner 
depending on their constitution, as is the case with the fatty 
bodies corresponding to these. 

929 Aromatic Acids. — These primary alcohols yield aldehydes 
and then acids, and these latter can be obtained according to 
other reactions characteristic of the bodies of the aromatic-group, 
viz: — 

1st. They may be obtained from the hydrocarbons not only by 
oxidation of the side chain, but also synthetically by combination 
with carbon dioxide in presence of aluminium chloride.^ Thus 
from benzene we obtain benzoic acid : 

And if carbonyl chloride be employed in place of carbon dioxide 
benzyl chloride is formed : -w 

CoH^ + COCl, = CeH,.COCl + HCl. 

This cannot however be obtained in large quantity, as it 
acts further on the benzene with formation of diphenylketone,^ 
CO(CeH,),. 

2nd. Acids are obtained from monosubstitution products of 
the hydrocarbons by simultaneous action of sodium and carbon 
dioxide : * 

OgH.Br + CO, + 2Na = CeH5.C0.,Na + NaBr. 

' Frietlel and Crafts, Compt. Jicnd. Ixxxvi. 1368. 

- Frieclol, Crafts, and Ador, L<:r. DctU^ch. Chan. Got. x. 1854. 

* Kekiile, Ann. Chan. Fhann. cxxxvii. 178. 
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3rd. In place of carbon dioxide and sodium, ethylchlorofor- 
mate and sodium amalgam may be used, when the ethyl ether 
is formed : ^ 

CeHjBr + ClCOgCjHg + 2Na = CeH,.CO AH5 + NaBr + NaCl. 

4th. Monobasic acids are obtained from the sulphonic acids of 
hydrocarbons by heating them with sodium formate : 

CeH^SOjNa + HCOgNa = CeHgCO^Na + HNaS03. 

I£ sulphobenzoic acid be employed, dibasic isophthaUc acid is 
formed :* 

/CO^Na .COgNa 

C.H/ + HCO.Na = C.u/ + HNaSO-. 

\SO3Na \C0,Na 

IsophthaUc acid is also prepared by heating sodium bromoben- 
zoate with sodium formate : * 

CeH,Br.C02Na+2CH02Na = CeH,(C02Na)2+NaBr+CH.p2. 

5th. When an amido-compound is heated with oxalfc acid 
formaihide is obtained, thus phenylformamide or formanilide is 
obtained from aniline, which is converted on heating with hydro- 
chloric acid into benzonitrile,* the carbamine which is at first 
formed suffering intermolecular change : 

CeH5N(COH)H = CoH5.CN + H^O. 

6th. Amido-compoimds can also be converted by Weith*s 
method into acids, by preparing the thiocarbimide or mustard oil, 
and heating this with powdered or finely-divided copper : ^ 

C^HgNCS + 2Cu = CeH5.CN + CugS. 

Aromatic nitriles are also formed when a sulphonic acid salt is 
heated with potassiimi cyanide,® as well as by the same reactions 
for the preparation of the nitriles of the fatty series. Like this 
latter class of bodies, they are converted into the corresponding 
acids by heating with alkalis or strong acids. Aromatic acids 
can also be synthetically obtained by means of the aceto-acetic 
ether, and the malonic acid reactions. 

^ Wurtz, Ann. Chcm. Pharm. Siippl. vii. 125. 

* V. Meyer, Ber. Dcutach. Chnti. Gcs. iii. 112. 

• Ador and Meyer, ihid. iv. 259. 

* Hofmann, Ann. Chcm. Pfuinn. cxlii. 121. 
» Ibid. vi. 210. 

• Mere, ZcUschr. Chan. 1868, 33. 
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Aromatic acids containing less hydrogen corresponding to the 
acrylic acid series are formed, when aromatic aldehydes are 
heated with a sodium salt of a fatty acid together with a 
dehydrating substance such as acetic anhydride : 

Cinnamic Acid. 

CeH,.COH + CH3.CO2H = C,H5.CHz::CH.C02H + H^O. 

In place of the salts of the fatty acids, those of malonic acid or of 
its homologues of analogous constitution may be employed, as 
these decompose into fatty acids and carbon dioxide. 

Aromatic oxyacids which are at the same time phenols, can be 
prepared from these bodies in various ways. 

1st. Kolbe and Lautemann showed that when carbon dioxide 
and sodmm simultaneously act upon phenol, salicyUc acid or 
orthoxybenzoic acid is formed.^ Kolbe then proved that this 
acid may be easily prepared by heating sodium phenate in a 
current of carbon dioxide to 180° : ^ 

/ONa 
2CeH5.0Na + CO^ = C^H/ + CeH,.OH. 

^C02.Na 

2nd. Its ethyl ether is formed by the action of sodium on a 
mixture of phenol and ethylchloro-formate : ^ 

/OH 
CeH.ONa + ClCOg-CgH^ = CeH ,< + NaCl. 

\C02.C,H5 

3rd. The aldehydes of these oxyacids are formed when a 
phenol is heated with caustic soda and chloroform :* 

/ONa 
CeHg.ONa + 3NaOH + CHCL = CeH,< + 3NaCl + 2H,0. 

\COH 

4th. If tetrachloromethane be employed instead of chloroform 
an acid is obtained : * 

/ONa 
CeH^.ONa + 5NaOH + CCl, = CeH,< + 4NaCl + 3IL,0. 

\CO2Na 

5th. When an oxyacid is heated witli caustic soda and 

^ Ann. Chtm. Pharm. ex v. 201. 

3 Joum, Prakt. Chcm. [2], x. 93. 

» Wilm and Wwdiin, Zeitschr. Chem. 1868, vi. 

* Keimer and Tiemann, Ber, Deutsch, Chem, Gcs. ix. 824. 

» Ihid, ix. 1286. 
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chloroform an aldehydo-acid is produced, and this is transformed 
on oxidation into a dibasic oxyacid.^ 

/ONa /COH 

CeH,<; +3NaOH+CHCl3 = CeH3^0Na + 3NaCl-h 

^CO^Na \CO2Na 

2H,0. 

6th. Oxyacids are also formed when a sulphonic acid, such as 
sulphobenzoic acid, is fused with caustic potash. 

7tL Certain dioxybenzenes are converted into dioxyacids 
when heated with ammonium carbonate and water to 110°. 
Thus resorcinol gives rise to a mixture of isomeric dioxybenzoic 
acids : * 

/OH /OH 

GeH,< + CO2 = CeH3^C02H. 

\0H \0H 



ISOMERISM IN THE AROMATIC GROUP. 

930 It has been already stated that experiment has shown 
that no isomeric mono-substitution products of benzene exist. 
It was indeed at one time thought that such bodies had been 
discovered, but careful investigation proved that in this case 
the observed diflferences were due to impurities. 

Di-substitution products, on the other hand, can occur in three 
isomeric forms, and this conclusion is completely verified by 
experiment. The history of the di-substitution products is fully 
given in Richard Meyer's work entitled Einleitung in das 
Studium der aromatischen Sulstanzeii. In this case also, some 
chemists assumed the existence of more than three modifica- 
tions, but it turned out, as before, that, either on the one 
hand the bodies were impure, or luixtures of isomeric com- 
pounds, or, on the other, that the observed differences were 
due to physical isomerism, such as has been observed in the 
fatty group of bodies as well as in the case of inorganic com- 
pounds, and which in this instance is designated as dimorphism 
or trimorphism. When Kekul6 proposed his theory, many 
substitution products of benzene were known, and amongst 
them several di-substitution products, such as certain deriva- 
tives of benzoic acid, which could be arranged in three classes 
according to their genetic relations. Kekule gives the following 

^ Reimer and Tiemanw, Bcr. IJcutseh. Chem. Gca. ix. 1268. 
' Senhofcr and Brunncr, ibid. xiii. 930. 

VOL. III.— PART III. I> 
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arrangement, observing that in the condition of our knowledge 
at that time it was scarcely possible to determine the positions 
which the elements or radicals replacing the hydrogen in benzene 
occupy, with any degree of certainty.^ 

(1) (2) (3) 

Y,rx TT — Clilorodracylic acid. Chlorosalicylic acid. Chlorobenzoic add. 

!0H 
Xq tt — Para-oxybenzoic acid. Salicylic acid. Oxybenzoic add. 

CgH4 -[ cQ |t — Amidodracylic acid. Anthranilic aciil. Amidobenzoic add. 

The members of the last series are direct derivatives of 
benzoic acid ; by the action of nitric acid, nitrobenzoic acid, 
CqH^(N02)C02H, is obtained, and this on reduction is converted 
into amidobenzoic acid : this again is converted into oxybenzoic 
acid by the action of nitrous acid, from which chlorobenzoic 
acid is obtained by the diazo-reaction. It has already been 
stated that anthranilic acid is obtained by heating indigo 
with caustic potash ; by the action of nitrous acid this is 
converted into the earlier known salicylic acid, and the latter 
substance when acted upon with phosphorus pentachloride and 
water yields chlorosalicylic acid. The members of the first 
series are obtained from toluene, CgHg.CHg, by conversion first 
by nitric acid into nitrotoluene, CgH^(N02)CH3, and then by 
oxidation into nitrodracylic acid, from which clilorodracylic acid 
is obtained in the same way as chlorobenzoic acid from nitroben- 
zoic acid. Para-oxybenzoic acid was' previously known, and thus 
termed because it was found to be isomeric with oxybenzoic acid. 

Bromotoluene can be obtained directly from toluene like 
nitrotoluene, and hence Kekulo assumed that both bodies liave 
an analog<:>us constitution. Bromotoluene when acted upon by 
sodium and methyl iodide, yields a dimethylbenzene (parax- 
ylene), and when treated with sodium and carbon dioxide forms 
toluic acid, CgH4(CH3)C02H, both derivatives being converted 
by oxidation into terephthalic acid, GflH^(C02H)2. For this 
reason Kekule supposL3d that both these bodies belong to the 
first series. Later investigation has, however, sho^vn that an 
analogous mode of formation does not always give rise to 
similarly constituted comjx)unds, but in the above cases Kekul^ s 
view was found to be correct. 

Cases of isomerism, similar to that of the substituted benzoic 
acids, were then observed in other comi)ounds : thus, for example, 

1 Lchrbtid* '-' -"'1866). 
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two series of substituted anilines were known. To those which 
were obtained directly from aniline no special designation was 
giyen, whilst the others were termed para-compounds, although 
there was no intention of connecting this series in any way 
with the series of para-oxybenzoic acid. Vaiious other com- 
pounds were obtained from these substituted anilines, such as 
halogen substitution products of benzene, substituted phenols, &c. 

When Komer discovered a third iodophenol, he termed it 
meta-iodophenol and suggested for the first series the name of 
ortho-compounds. The same method of designation was then 
applied to the derivatives of benzoic acid obtained by direct 
substitution, and, as a para-series already existed, bodies con- 
nected with salicylic acid were termed meta-compounds. This 
led to much confusion, as it was supix)sed, without reason, that 
a similar mode of designation indicated an analogous constitution 
in the compounds of both groups. 

The following table is, with some abbreviation, taken from 
Kekuld's Lehrhuch} 





Ortho-series. 


Pam-series. 


Meta-series. 


C.114C1, 


Diclilorobenz^ne. 




C.H,B., 


Dibromobenzene. 






C,H.I, 


Di-iodobaiizene. 


— 




C,H,(NO,),^ 


Nitrochlorobenzene 


Diiiitrobenzcne. 
Paranitrochlorobenzcnc. 




C,H«(KO» 


C,H<(NOJBr 


Nitrobromobeiizene 


ParauitrobromobeDzoue. 


— 


C,H,(NOJI 


Nitro-iodobenzene. 


Paranitro-iodobenzenc. 


— 


, C.H,(NH,X'I 


(.'hloraniline. 


Pai-achlorauiliuc. 


— 


C.H/XH^IU- 


Bromaniliuc. 


Parabromauiliue . 




C,H«(NH^I 


lodanilinc. 


Paraiodaniliue. 


— 


(',H.(NH,)NO, 


Nitraniline. 


Paranitraniline. 




. C,H^(NH,), 


Phenylcnediamine. 


ParapheDylenediamine. 


— 


C.H,(OH)I 


lodoplienol. 


Para-iodophcnol. 


Meta-iodoplicnol 


C,H,(OH), 

1 1 


Hydroquinonc . 


Resorcin. 


Pyi-ocatccliin. 




^ iii. 2 


5 and 92. 





D 2 
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It has already been stated that the ortho-compounds are those 
which are obtained from aniline by direct substitution, or hj 
means of the diazo-reaction. ♦ 

The starting-point for the para-compounds is dinitrobenzene, 
which is easily converted by partial reduction into paranitraniline 
This yields the nitro-halogen compounds by the diazo-reaction, 
and from these again the substituted anilines and phenols can 
be obtained. The phenylenediamines or diamidobenzenes are 
obtained by further reduction of the nitranilines. The ortho- 
compound of the iodophenols, in addition to its production from 
lodaniline, was prepared by Komer by the action of iodine and 
iodic acid on phenol, a small quantity of meta-iodophenol being 
produced at the same time. The earlier known dihydroxy- 
benzenes were obtained by Korner by fusing the iodophenob 
with caustic potash. 

Hydroquinone on oxidation forms quinone, C^H^O,, and this 
may also be obtained by the oxidation of phenylenediamine, a 
further proof that hydroquinone belongs to the first series. 



ORIENTATION IN THE AROMATIC SERIES. 

931 As soon as the fact was recognised that the di-substitu- 
tion products exist in three isomeric forms, and that they can be 
arranged in series whose members can be converted by simple 
reactions into the others, it became necessary to investigate the 
orientation or the relative position of the substit\ " ^j,radicals or 
elements. This indeed Kekule atteini)ted to efi^t, and he was 
of opinion that when two similar elements or radicals replace 
the hydnjgen in benzene, they take up jXDsitions in the molecule 
removed as far as possible from one another, inasmuch as all the 
atoms lying within the sphere of action of the first bromine 
atom would have their affinity for bromine weakened. 



/3 
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Let us suppose that in monobromobcnzene, CgH^Br, the 
komine takes up position 1, then in dibromobenzene the second 
atom of bromine will occupy position 4.^ 

Baeyer opposed this view, pointing out that when ethyl chloride 
is chlorinated, ethidene dichloride, CH3.CHCI2, and not ethylene 
dichloride, CHjCLCHgCl, is formed, so that the second chlorine 
atom instead of being repelled by the first, is rather attracted to it.^ 
In the above case, however, both views are correct ; for when 
bromobenzene is brominated, 1, 4, dibromobenzene is the chief 
product; but a certain quantity of 1, 2, dibromobenzene is also 
formed, though this was not known at the time, and these con- 
siderations did not exert any influence on the problem. On the 
other hand, the views held by Baeyer respecting the constitu- 
tion of mesitylene, CgH^j, exerted considerable influence.^ This 
hydrocarbon is formed when acetone is heated with sulphuric 
acid : 

3C3H0O = CqHj2 + 3H.^0. 

Fittig had previously foimd that mesitylene yields on oxidation 
trimesitic acid, CgH,(C0jjH)3, and that this when heated with 
lime yields benzene and carbon dioxide. Hence it is proved that 
mesitylene is trimethylbenzene, €0113(0113)3. The formation of 
this body is explained by Baeyer by supposing that each molecule 
of acetone gives rise, with separation of water, to the residue 
CH=C — CH3, and that three of these are so arranged as to 
form symmetrical trimethylbenzene, in which the methyl groups 
are in tbe positions 1, 3, 5. 

OH3 



A " 



vy 

PIT ^ \ y ^PTT 

^^3 CH. ■^^^• 

This view, though probable, was not proved to be correct, any 
more than another idea which was at one time entertained, 
namely, that trichlorobenzene, derived from benzene hexchloride, 
C^H^Cle, by removal of three molecules of hydrogen chloride, 
contains the chlorine atoms symmetrically arranged. Ladenburg, 
however, afterwards proved the truth of Baeyer's hypothesis, 
and it now stands as one of the most important methods of 
effecting orientation (see p. 46). 

' Lehrbueh, u 663. « Ann. Chem. Pkarm. Suppl, v. 84. » Ibid. cxL 306. 



38 AROMATIC COMPOUNDS. 



Mesitylene yields on moderate oxidation a monobasic and a 
dibasic acid. 

Wcsitylenic Acid. Uvitic Acid. 

^6^3 1 cOgH. ^«^a t (CO,H)^ 

The former of these when distilled with lime yields a dimethyl- 
benzene, which is identical with the metaxylene contained in 
coal-tar oils, and jrields on oxidation the dibasic isophthalic acid 
CeH^(C0yH)2, isomeric with phthalic and terephthalic acids. 

Assuming the above constitution of mesitylene, it follows 
that the side chains of metaxylene and of isophthalic acid occupy 

alternate positions : 

1:3 = 1:5 = 3:5. 

932 PlithaUc acid diflfers from terephthalic acid, and, as was 
afterwards found, also from isophthalic acid, inasmuch as when 
heated, it is readily resolved into water and an anhydride : 

/CO.OH /COv 

CeH / = CeH / >0 + H,0. 

\CO.OH \C0/ 

From this reaction Griibe concluded that the carboxyls are 
adjacent or occupy the positions 1, 2,^ and this conclusion he 
corroborated in his valuable research on naphthalene, CjoHg. 

Erlenmeyer had previously expressed the opinion that this latter 
hydrocarbon contains two benzene rings, having two carbon atoms 
in common.^ These two rings we may designate as a and h : 

CH CH 
HC C CH 



HC C CH 



I" 



CH (!H. 

Now from Griibe's investigations it appears very probable that 
this formula does represent the constitution of naphthalene ; and 
as this hydrocarbon jrields phthalic acid on oxidation, the two 
carboxyls must occupy the positions 1 and 2.^ Griibe's proof will 
be given hereafter under napthalene. Niilting and Reverdin* 
liave, however, since given a much simpler proof, as follows: 
nitronaphthalene, Cj^HyNOg, yields on oxidation nitrophthalic 
acid, C(,H3(N02)(C02H)2. If we now assume that the nitroxyl 
is contained in the nucleus a, it follows that the nucleus b has 

^ Griilie and Born, Ann. Chrm. Phann. cv"* ""'' « Jhid. oxxxvii. 346. 

' Ibid, cxlix. 1. * ConstUution of N Ua derivatives, 1880. 



ORIENTATION IN THE AROMATIC SERIES. 



30 



been destroyed. By reduction nitronaphthaiene is cod verted into 
amidonaphthalene, Cj^H^XH^, and this on oxidation does not 
yield amidophthalic acid, or an oxidation product of it, but phthalic 
acid. Hence it follows that in this latter case, the nucleus a 
has been oxidized to carboxyL Now as we are acquainted with 
the oonstitution of phthalic and isophthalic acids, it is clear that 
that of terephthaUc acid is also known, as well as that of the 
bromotoluene which can be converted into toluic acid, and of a 
dimethylbenzene which on oxidation jrields terephthalic acid. 

933 Hydroquinone, C^H^(0H)2, is distinguished from its iso- 
merides inasmuch as it readily passes by oxidation into quiuone, 
CjH^Oj, and this can again be easily reduced to hydroquinone. 
From these facts Grabe concluded that in the formation of 
quinone the two oxygen atoms combine together : 

OH ^O. 

nTi/ -hO = CoHX > + H.O. 



OH 

This peculiar reaction of hydroquinone is most simply ex- 
plained, according to Griibe, by the supposition that in this 
body the hydi*oxyls occupy the adjacent positions of 1 and 2. 
But as hydroquinone is formed by fusing ortho-iodoi)heu()l 
with potassium, we may conclude that the substitution in ortho- 
compounds takes place in the adjacent position. 

At the end of his memoir on naphthalene Griibe gives the 
following table. The expressions, ortho, meta, para, are here 
employed in the sense we now use them. 



! f'H /o" 

; n IT /COjH 



Ortho-series. 
1 :2. 



Hydroquinone. 
Oxybenzoic acid. 
Phthulic acid. 



MetA-scricH. 
1 :8. 



Pttra-McrlcH. 
1 : 4. 



Pyrocatecliiu. 
i Salicylic acid. 
I Lsoplitlialic acid. 



Ilesorcin. 



I'ara-oxybMnzoii 
acid. 



Tcn'i»litliali<; a(i<l. 



It has already been stated that Kekule fissumed that para- 
oxybenzoic and terephthalic acids belong to the same series ; the 
former of these was obtained from nitrotoluene, which on reduc- 
tion yields a toluidine, from which Hofmann obtained the same 
toluic acid which is formed by Kekule's reaction from bromo- 
toluene, and which on oxidation yields terephthalic acid, thus 
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corroborating Kekule's supposition. The connection between 
bromotoluene and nitrotoluene is further shown, inasmuch as the 
former is converted by oxidation into a bromobenzoic acid, which 
is identical with that obtained by the diazo-reaction firom amido- 
dracylic acid ; hence all these compounds belong to the para-series. 

A connection between resorcin and terephthalic acid was not 
at that time proved, but Irelan ^ and Garrick * soon showed that 
bromobenzenesulphonic acid and benzenedisulphonic acid yield 
resorcin when fused with caustic potash, whilst when they are 
heated with potassium cyanide and the product decomposed by 
caustic iK>tash terephthalic acid is obtained. But if hydroquinone 
is an ortho-compound and resorcin a para-compound, then pyro- 
catechin must belong to the meta-series. 

The insertion of oxybenzoic and salicyclic acids was, on the 
other hand, purely ai-bitrary. 

934 The relations existing between the di-substitution products 
of benzene and the mono-substitution products of benzoic acid 
were at that time only determined in so far as that both were 
placed in the para-series. The assumption that the same relative 
position of the substituents held good for the ortho- and meta- com- 
pounds of the tw^o groups was in no way proved, as was pointed 
out by Victor Meyer, who then drew attention to the fact that in 
the meta-derivatives of benzoic acid the adjacent position of the 
side chains must be assumed with the same degree of probability 
iis in the case of phthalic acid, inasmuch as, of the three isomeric 
oxybenzoic acids, only salicylic acid yields an anhydride on heating. 

CeH/ = CeH / >0 -h H,0. 

\CO.OH \C0/ 

It therefore appeared to Meyer more probable that oxybenzoic 
acid belongs to the series I, 3, and of tliis he discovered the 
proof ; for Barth had shown that sulphobcnzoic acid when fused 
with caustic potash only yields oxybenzoic acid,^ whilst on heating 
it with sodium formate, Meyer obtained isophthalic acid,* which 
is also formed when ordinary bromobenzoic acid is employed in 
place of the sulphonic acid.^ 

He also proved that the crystallized dibromobenzene belongs 
to the para-series, inasmuch as when acted upon by sodium 
and methyl iodide it is converted into paradimethylbenzene, and 
this body yields terephthalic acid when oxidized. 

Of the three known nitrotoluenes the solid one yields on 

1 Zeitschr. Chem. 1869, 164. « Ibid. 549. ' Ann, Chcm. Phann, 148, 30. 
* Ibid. 156, 268. » A<V ibid. 159, 1. 
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oxidation paranitrobenzoic acid (nitrodracylic acid). The second, 
liquid one, yields common or metanitrobenzoic acid, and the 
third, also a liquid body, is decomposed completely, a property 
characteristic of the ortho-compounds, which are either scarcely 
attacked by oxidizing agents, or else completely burned. Hence 
there can no longer be any doubt respecting the classification of the 
nitrobenzenes and of the toluidenes which are formed from them. 
The three dimethylbenzenes or xylenes were also knowTi at 
the time referred to. It has been already stated that one yields 
on oxidation terephthahc acid, whilst the second is converted 
into isophthalic acid, the third, or orthoxylene, being entirely 
decomposed. Finally, by the dry distillation of two diamido- 
benzoic acids, Griess obtained the third diamidobenzene, which 
up to that time had not been prepared, and this was naturally 
considered to be a meta-compound. The following table exhibits 
the views respecting the constitution of the di-substitution 
products which were held about the year 1870 ; only some of the 
compounds contained in the table on p. 35 being mentioned : — 





Ortho-series. 


Meta-series, ' Para-geries. 




1:8 ' 

1 


1:3 ! 

1 


1:4 , 


C.H«Br, 

i 


1 


— 


1 

Dibromobenzene, 
M.P. 89°. 


C.H,(NO,), 


1 




Dinitrobenzene. 


CgH^CNO^Br 


Bromonitrobenzcnc 


Bromonitrobenzent' , 


Bromonitrobenzcnc, 


1 


M.P. 126'. 


M.P. 41'* -6. 


M.P. 66". 


CeH4(NHj)Br 


Bromaniline, from 


Metabromaniline, 


Parabromaniline, 


1 


aniline. 


from bromonitro- 


from dinitroben- 


1 

! 




benzene. 


zene. 


C,H/NH,), 


PKonylenediamine, 


Phenylenediamine, 


Paraplienylene- 


I 


M.P. 147". 


M.P. P9^ 


diaminc, 
M.P. 63^ 


C.HJ(OH) 


Ortho-iodophenol, 


Meta-iodophenol, 


Para-iodophenol, 




from phenol. 


from phenol. 


from dinitrobenzene. 


C,H,(OH), 


Ilydroquinone. 


Pyrocatechin. 


Resorcin. 


r,H4Br(CH,) 


— 


Metabromotoluenc. 


Parabromotoluenc. 


C,H,(NOj)CH, 


Xitrotolene, from 


Metanitrotoluenc. 


Paranitrotolucne, 




toluene (liquid). 




from toluene (solid). 


C,H4(NHJCH, 


Orthotoluidine 


Metatoluidine 


Paratoluidino 




(liquid). 


(liquid). 


(solid). 


C«H4CLC0jH 


ChloroBalicylic acid. 


Chlorobenzoic acid. 


Chlorodracylic acid. 


C,H4BrC0,H 


— 


Bromobenzoic acid. 


Bromodracylic acid. 


C«H4(NHj)C0jH 


Anthranilic acid. 


Amidobenzoic acid. 


Amidodracylic acid. 


C,H4(0H)C0,H 


Salicylic acid. 


Oxybenzoic acid. 


Para-oxybcnzoic 
acid. 


C,H,{CH,), 


Orthoxylene. 


Metaxylene. 


Paraxylene. 


C,H4(C0,H), 


Phthalic acid. 


Isophthalic acid. 


Terephthalic acid. 
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935 The anangement of the compounds mentioned in this 
table was chiefly founded on experimental evidence, and those 
compounds for which this was not the case were classified firom 
analogy. But, notwithstanding this, many emendations were 
soon found necessary. Thus the para-derivatives of benzene, 
with the exception of paradibromobenzene and resorcin, had 
not been brought into close connection with the para-deriva- 
tives of toluene or of benzoic acid. Petersen then showed that 
the two nitrotoluenes, of which the one yields on oxidation 
orthonitrobenzoic acid and the other paranitrobenzoic acid, yield 
on further nitration the same dinitrotoluene, and for this reason 
the nitroxyls must occupy the meta-position : 

Orthonitrotoluene. Paranitrotoluenc. Dinitrotoluene. 

CHg ^H-s ^-^3 

/Nno„. /\ /Nno, 



2- 




.; 



NO,. 

Now, dinitrobenzene so closely resembles dinitrotoluene that 
an analogous position of the nitroxyls may well be assumed 
in both compounds. If this be correct, dinitrobenzene and the 
compounds connected with it must also belong to the meta- 
series. The same chemist then proved that the phenylene- 
diamine melting at 99°, is not a meta-compound but belongs to 
the ortho-series. 

Anisic acid, or methylpara-oxybenzoic axjid, C(jH^(OCH3)C02H, 
yields nitranisic acid, in which the nitroxyl can only occupy the 
position 2 or 3 = 6 or 5. 

OCH3 

c/\2 

I 
3 

OO^H. 

By heating nitranisic acid with ammonia Salkowski obtained a 
uitro-amidobenzoic acid : 

CoH3(N02)(OCH3)C02H + NH3 = 
03H3(N02)(NH2)C02H -h CH3OH. 

By means of the diazo-reaction the amido-group can be replaced 
by hydrogen ; in this way metanitrrkW»T\2;oic acid *\s o\>\.a\\ie^. 
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and from this it follows that the above-mentioned nitro-amido- 
benzoic acid has the following constitution : 



NH, 



n 



NO. 



CO,H. 

By reducing this, diamidobenzoic acid, CgH3(NH.2)2C02H, is 
formed, and if carbon dioxide be then eliminated, orthodiamido- 
benzene or phenylenediamine is obtained, a body melting at 
99°. Meyer and Wurster, as well as Salkowski, had shortly 
before come to the conclusion that this belongs to the series 1 : 2. 
The same substance is also pbtained from the bromonitrobenzene, 
CgH4(N02)Br, melting at 41°'5, by heating it with ammonia, 
when it is converted into nitraniline, and reducing this. The 
same nitrobromobenzene when heated with caustic potash yields 
a nitrophenol melting at 45° ; this may be converted into amido- 
phenol and afterwards into chlorophenol, which latter on fusion 
with caustic potash yields pyrocatechin, CgH^(0H)2, which, 
therefore, is orthodioxybenzene. 

936 The nitroxyl in the bromonitrobenzene melting at 126° 
can be replaced by bromine, paradibromobenzene being formed ; 
hence bromonitrobenzene is a para-compound. When heated 
with caustic potash it gives a nitrophenol which melts at 115°, 
yielding on reduction an amidophenol, which, like phenylene- 
diamine, yields quinone on oxidation. This same paranitro- 
benzene can also be obtained from the nitraniline, which melts 
at 146°, and which, according to Hofmann, also yields a large 
quantity of quinone. Hence, then, Petersen concluded that all 
these compounds, and therefore hydroquinone, belong to the 
series 1 : 4. 

From this and former statements it follows that resorcin 
ought to be classed in the 1 : 3 series, for it can be obtained 
from dinitrobenzene, which, according to Petersen, is a meta- 
compound. Now, resorcin is also formed by fusing benzene- 
disulphonic acid with caustic potash ; but this acid yields 
on heating with potassium cyanide the nitrile of terephthalic 
acid, which latter is undoubtedly a para-compound. This 
contradiction was explained by Petersen by the supposition 
that, on fusing the sulphonic acid with caustic ipot'a:^ voX.'t^- 
molecular changes take place ; and this idea \a "VyoTii^ owX, va. 
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many cases by experiment, especially where the reaction requires 
a high temperature. 

Wurster next prepared the diamidobenzene melting at 63** by 
oxidizing the above-named dinitrotoluene to form a dinitro- 
benzoic acid, which on reduction and elimination of carbon- 
dioxide yielded this diamidobenzene, so that there can no doubt 
that it is a meta-compound. 

Moreover, Wurster and Ambuhl showed that this body, like 
orthodiamidobenzene, can be obtained from two diflferent 
diamidobenzoic acids, whilst the para-compound 




corresponds to only one such acid. 

Salkowski also concluded that the common phenylene- 
diamine is metadiamidobenzene, and he proved that hydro- 
quinone belongs to the same series as para-oxybenzoic acid. He 
reduced the methyl ether of the nitrophenol melting at 11 5**, or 
nitro-anisol, C6H,(N02)OCH3, to amido-anisol, CeH^(NH,)0CH3. 
substitiited in this, the amido-group by bromine, and then, by 
means of sodium and methyl iodide, replaced this bromine by 
methyl, thus obtaining a cresolraethyl ether, CgH^(CH3)0CH.^, 
which on oxidation jrielded anisic acid. He then converted 
the amido-anisol into a diazo-compound, and decomposed this by 
water, when methyl was eliminated, and hydroquinone formed. 
It follows from this that the hydroxy Is of hydroquinone and 
therefore the oxygen atoms of quinone occupy the positions 1 : 4. 
The constitution of this latter body is, therefore, expressed by 
one of the following formulae : 

C CO 



HC O CH HC CH 



HC CII 


HC CH 


\/ 


\/ 


CH. 


CO. 



Which of these is the more probable we shall learn hereafter. 

From the results of these and similar investigations it follows 
that the former table must be revised as below, only a portion 
being here given and the lacunae beir*^ "" ' up; — 
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CH^Br, 

CjH^CNOJBr 

C^,(OH), 

CeH^BrCCH,) 

C,H,(N0JCH3 

C,H4(NH,)CHj 

CeH4(0H)C0,H 

C,H,(CH,), 

C,H4(C0,H), 



Orthodibromoben- 
zene, B.P. 224^ 

Orthodinitroben- 
zene, M.P. 118'. 

Orthobromonitro- 
beD2ene, M.P. 41** '5. 

Orthodiamidoben- 
zene, M.P. 99^ 

IVrocatechin, 
M.P. 104^ 

Orthobromotoluene, 
B.P. 182^ 

Orthonitrotoluene, 
B.P. 223^ 

Orthotoluidme, 
B.P. 199" -5. 

Salicylic acid, 
M.P. 156". 

Orthoxyknc, 
B.P. 140% 

Phthalic acid. 



Motadibromoben- 
zeue, B.P. 219*. 

Metadinitro benzene, 
M.P. 89" -8. 

Metabromonitroben- 
zene, M.P. 66" 4. 

Metadiamidoben- 
zene, M.P. 63". 

Resorcin, 
M.P. 110«. 

Metabromotoluene, 
B.P. 184". 

Metanitrotoluene, 
M.P. 16". 

Metatolnidine, 
B.P. 197". 

Meta-oxybenzoic 
acid, M.P. 200". 

Metaxylene, 
B.P. 137". 

Isophthalic acid. 



Paradibromobenzene, 
M.P. 89". 

Paradinitrobenzene, 
M.P. 172". 

Parabromonitrobcn- 
zene, M.P. 126". 

Paradiamidobenzene, 
M.P. 147". 

Hydroquinone, 
M.P. 169". 

Parabromotoluene, 
M.P. 28" -3. 

Paranitro toluene, 
M.P. 54". 

Paratoluidine, 
M.P. 45". 

Para-oxybenzoic 
acid, M.P. 210". 

Paraxylenc, 
B.P 137". 

Tcrephthalic acid. 



937 So far all attempts at orientation had been directed to- 
wards placing the compounds in genetic connection with one of 
the phthalic acids.* We have already seen that the constitution 
of terephthalic acid and of the para-series connected with it had 
been placed on a sure foundation. 

On the other hand, the views concerning the constitution of 
phthalic and isophthalic acids rested on hypotheses which had not 
been verified. As common phthalic acid is the only one which 
yields an anhydride, it was assumed that in this the carboxyls 
occupy the adjacent position. But a similar argument was em- 
ployed to show that the hydroxyls in hydroquinone also occupy 
the same position, and this conclusion was proved to be erroneous ; 
hence the argument lost weight in the case of phthalic acid. 
The conclusions based upon the constitution of naphthalene 
stood on a firmer basis, but it still was a question whether they 
were final. 

The case of isophthalic acid is a similar one : its constitution 
depends upon that of mesitylene in which "we ktiON^ ^Xva.^* 'Ow^ 
three methyls are contained in symmetricaV posv\)\OTi, ox^^V^X* \% 
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the same thing, that the three hydrogen atoms in direct com- 
bination with the nucleus are of equal value. Ladenburg proved 
this as follows: — "Let us indicate the three hydrogen atoms 
by the letters a, h and c, and assume that in dinitromesitylene, 

a b 

Ce(CH3)3N02(N02)H, a and h are replaced by nitroxyl, and that 
by partial reduction b is converted into an amido-group ; we then 

a be 

obtain the formula NOgNHgH for amidonitromesitylene. Now, 
the hydrogen atom marked c in this may be replaced by 
nitroxyl, and the amido-group by hydrogen, a dinitromesitylene, 

a h c 

having the formula NOgHNO^, being thus obtained, and as this 
is identical with the former one, it is clear that the hydrogen 
atoms b and c are of equal value. 

Supposing now that the amido-group in amidonitromesitylene 
be replaced by hydrogen, we obtain nitromesitylene, which on 

a he 

reduction is converted into amidomesitylene, NH^HH. If this 

o be 

body be nitrated only one amidonitromesitylene, NHgNO^H = 

a b c 

NHjHNOg, can be formed, as both b and c are of c({ual value. 
The compound thus obtained proves, however, to be identical 
with tlie amidonitromesitylene, having the following formula: 

a h c 

NOgNHgH. Hence the hydrogen atoms a and b are also of equal 
value, or the three hydrogen atoms belonging to the aromatic 
nucleus of mesitylene are of equal value." 

938 Before Ladenburg's memoir appeared, Korner published 
a valuable research on the isomerism of the aromatic compounds 
containincr six atoms of carbon.^ In this he criticised the methods 
of orientation then in vogue, founded on the constitution of 
the three phthalic acids, of mesitylene and of naphthalene, &c. 
He expressed doubt whether the constitution of these com- 
pounds was ascertained with sufficient certainty to serve as a 
foundation for orientation and he, therefore, doubted the con- 
clusions and experiments by which tlic acids containing eight 
atoms of carbon were brought into connection with the di- 
substitution products of benzene obtained by direct methods. 
Korner prepared 126 new compounds, and in addition revised 
all the researches which had hitherto been published, especially 
those concerning the simplest benzene derivatives, in the 
preparation of which it happened that the formation of two or 

' Gasz. Chim. lial, 1874, 305 ; JahrcHb. 1875, 21*9 ; Journ. Chem. Soc. 1876, i. 204. 
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three isomerides had been overlooked. Assuming the equal 
value of the hydrogen atoms of benzene, he employed a method 
of orientation depending on the following principles : 

An ortho-compound (1 : 2) with similar substituents can yield 
two tri-derivatives, when a third hydrogen atom is replaced. 
Under the same conditions a meta-compound (1:3) yields three 
tri-derivatives; whereas a para-compound can only yield one. 
In this case, where the entering element or radical is identical 
with the two already present, only three substitution products 
can be formed; but when a different element or radical is 
introduced, six may be obtained, as is seen from the following 
table : 

Br 



Br 

\/Br 



Br 
Br 





/Br 




Br Br 

\/Br \/Br 
Br 



Br Br Br 

NOo 




Br 
/\Br 



Br 
Br 



Br 



From this it follows that the dibromobenzene which yields 
three tribromoben zones or three nitrodibromobenzenes, and which, 
on the other hand, is formed from three dibromanilines, by 
elimination of the amido-group, contains the bromine atoms in 
the position 1 : 3. 

Orthodibromobenzene having the position 1 : 2 can only yield 
two tribromobenzenes or two nitrodibromobenzenes, and can be 
obtained only from two dibromanilines. Lastly paradibromo- 
benzene (1 : 4) can only be obtained from one dibromaniline 
and yields only one tribromobenzene, and only one nitrodibromo- 
benzene. 

Now, the solid dibromobenzene, melting at 89^ yields only one 
nitro-derivative ; * the liquid compound obtained together with 

* Zincke and Sintenis, Bcr. Dmtseh. Chcm. Ges. vi. 123. 
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the former by the action of bromine on benzene ^ yields, on the 
other hand, two ; and the third, obtained by Meyer and Stliber 
from dibromaniline,* forms three nitrodibromobenzenes. 

Komer showed, moreover, that when the dibromobenzenes are 
further brominated, the above conditions are fulfilled, so that the 
solid corresponds to one ; the liquid, formed at the same time, to 
two ; and the third to three dibromanilines. Solid dibromoben- 
zene is, therefore, (1 : 4) ; that obtained by Riese, (1:2); and that 
prepared by Meyer and Stiiber, (1 : 3). No. 1 corresponds to 
hydroquinone, No. 2 to pyrocatechin, and No. 3 to resorcin. 

939 in a similar way Komer has determined the constitution 
of a large number of compounds, and this without reference 
to the views respecting the positions of the carboxyls in the three 
phthalic acids. Almost at the same time Griess employed the 
same principle to ascertain the constitution of the three diamido- 
benzenes, by preparing them from the six diamidobenzoic acids 
by elimination of carbon dioxide : 

CO,H CO^H COjH 

/\nh, /\ 





X^NHg. \/NH,. 

NH,. 

co^h co^h coji 

nh^/\nh, /\| 

NHgX/NHs. 



From the first of these he obtained paradiamidobenzene melting 
at 147°, the two next yielded orthodiamidobenzene melting at 
99^ and the last three gave rise to common metadiamidobenzene 
melting at 63°.^ 

In close connection with these researches Ncilting has given 
a direct proof of the constitution of phthalic acid.* We have 
already seen that dinitrotoluenc has tlie following constitution : 

CH3 

/Nno^ 




* Riose, Btr. Deutsch, Chem. Gf3. ii. 61. ^ Mover and Stlil)cr, ihid. v. 62. 
' Meyer and Stuber, ibid, vii. 1226. * R. ^eyct, Einl. Arom. Verb. n^. 
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This is deduced from the facts that it has been obtained by 
the further uitration of the two mononitTotolueues obtained 
directly from toluene, of which the solid one yields paranitro- 
benzoic acid on oxidation, and that it waa converted by Wurster, 
by reduction and elimination of methyl, into ordinary met- 
amidobenzene. From this it follows that the liquid nitrotoluene, 
and therefore the orthotoluidine obtained from it, contain the 
side chains in the position 1 : 2. This latter substance, however, 
Weith converted by means of the mustard-oil reaction into 
..rthotoluic acid, CgH,(GH,)COjH, which on oxidation with 
[mtassium permanganate yields phtbalic acid; this substance 
must therefore also contain the carbosyla in the position 1 : 2. 
KckuU had previously converted orthotoluidine into ortho- 
iodotoluene and obtained orthotohuc acid from it by Wurtz's 
reaction, while by oxidizing this iodotoluene he obtained 
i.xliibenzoic acid, CgHjI(COjH), which when fused with caustic 
potash yielded salicyhc acid.^ 

Another very simple proof of the constitution of the phthahc 

acids has been given by Nolting,* using the method of Koruer 

■ and Griess (see page 46). These acids arc readily obtained by 

K:Oxidizing the corresponding xylenes with potassium perman- 

B ganate. Now isoxylene yields throe mononitroxyleues, orthoxy- 

Vlene two, and paraxylenc only one. It follows from this that 

H^ibe side chains in isoxylene. and, therefore, in i^ophthalJc acid, 

^■liave the position 1 : 3, in orthoxylene and orthophthalic atid 

H'l : 2, and in paraxylene and paraphthalic acid, 1 : 4 

^^ 940 Adopting the principles uf orientation above explained, 

Hh&sny chemists have extended their researches in this direction, so 

that the constitution of the more important di-substitution pro- 

iliicts of benzene is now known with a great degree of probabihty. 

As, however, higher substitution products can be obtained from 

H Uiese by simple reactions, and these again can easily be re- 

^■Converted into di-substitution products, as has been shown above, 

^ut is clear that the constitution of a large number of aromatic 

^^bompounds containing three or more side chains is also known. 

^^B For the further consideration of this point we must refer to 

^^Bk special description of the compounds. 

^^ 941 In the case of penta-suhstitutioii products which contain 
identical elements or radicals, as in that of mono-substitu- 
tion derivatives, no isomeriiles occur. From this we may con- 
clude that the six hydrogen atoms of benzene are of ct^ual value. 
"^ttt this conclusion 13 iere founded on uegativu vvvicutK oi^'^. 
' Ifer. PnUaei. CAem. </ai. m. ]00f(. » l|,id, Kili. l%^1. 
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aud it is of important that it should be proved directly. 
For this purpose Ladenburg adopted the same principle w 
that which he employed for proving the equality of the threci 
hydrogen atoms of mesitylene.^ He first showed that two at 
the hydrogen atoms of benzene occupy a symmetrical positit 
with regard to a third atom ; or, in other words, that it is in 
material whether one or other bo replaced by a radical or elemei 
iaasmuch as the bodies thus obtained are ideutic-al, 

Hubner and Petermann^ found that when ordinaiy bromo 
benzoic acid is nitrated, two iaomeric broraonitrobenzoic acids 
formed, in which the nitroxyl, therefore, occupies two differ 
positions, a and i ; 

C8H3Br(Nbj)C03H ; CoH,Br(N6j)C03H. 
Both bodies are converted by nascent hydrogen into anthiai 
nilic acid, bromine being replaced by hydrogen aud the nitroxj 
being reduced to the araido-group. Hence it follows that boti 
a aud 6 occupy a symmetrical position as regards the carboxj 

But as regards the hydrogen atom replaced by carbosyl, thei 
exists another pair of symmetrically placed hydrogen atom! 
Thus, it has been shown by Wroblewski' that if one atoi 
of hydrogen in paratoluidine be replaced by bromine, 
bromotohiidine is obtained, which is converted by the diazo 
reaction into metabromotoluene, and that this on oxidation yieldft 
metahromobenzoic acid. This bromotoluidine also yields ft 
nitrohromotoluidine, and this by the saino reaction is converted 
into a nitrobromotoluene, yielding on rediiction an amidobromo^ 
toluene, in which the bromine can be replaced by hydrogen. 
A. toluidine is thus obtained, and it is found that this yiel<^ 
by means of the diazo-reaction the same bromotoluene which 
as has been described, was obtained from paratoluidine. 
Purabroiu otol uid iiiu. 

C,HHHBr(OHJNH, 



Matabromotolupno. 

C,HHHEr(CHJH. 

Meiiibroiiiolwtuoic Acid. 

C8HHHBr(0OjH)H. 

NitrobroDi i ilol nidi ue. 

C,HH(NOJBr(r;HJ NH, 

Nitrobromotoioeiic. 

C,HH(NOJBr(CH,)H, 

' Bn'. /VittopA. Chnn. Qri, ii. I 



A ni i J (iliromotuluLiie. 
C,HH(NHJBr(CH,)H. 

Amido toluene 

i;,HH(NHJH(CHJH. 

M etabruiii niol UL'D e. 

I 'HHBrHtCHJH. 

Melabromohpnifiic Acid, 
C,HHBrH(COjH)H. 
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This proves that the positions c and d Vie symmetrically as 
regards the methyl or caiboxyl. 

Hiibner and Petermann commenced their experiments with 
the same bromobenzoic acid which Wroblewski obtained by 
oxidizing bromotoluene. But as the two nitrobenzoic acids 
contain the two nitroxyls placed symmetrically, with regard to 
the carboxyls, and as the acids obtained by Wroblewski contain 
two bromine atoms in the same positions, it is clear that two 
pairs of hydrogen atoms exist in benzene, which occupy a 
symmetrical position with regard to the fifth atom, whilst the 
sixth atom occupies an isolated position. 

As Hiibner and Petermann obtained anthranilic acid, or 
orthoamidobenzoic acid, but Wroblewski metabromobenzoic 
acid, we conclude that there are in benzene two symme- 
trical ortho- and meta-positions, whilst the para-position only 
occurs once. 

94a Ladenburg has brought forward another proof for which 
we must refer to the original memoir.^ He further showed that 
four hydrogen atoms in benzene are of equal value. 

Phenol, CgHgOH, which occurs in large quantities in coal-tar, 
when acted upon by phosphorus pentabromide is converted 
into bromobenzene, C^HgBr, and this, by the action of sodium and 
carbon dioxide, into benzoic acid : 

CeH^Br -f Na, + CO2 = CeHg.COgNa -f NaBr. 

The hydroxyl, therefore, has the same position a in the phenol, as 
the carboxyl in the benzoic acid. In this latter, however, hydrogen 
can be replaced by hydroxyl, and thus the three isomeric oxyben- 
zoic acids can be obtained, in which the carboxyl occupies the 
Fame position as in the benzoic acid and phenol; whilst the 
hydroxyls replace diflferent hydrogen atoms of the benzoic acid ; 
these we may designate by 6, c, and d. All three oxybenzoic 
acids, however, yield phenol with eUmination of carbon dioxide ; 
and this is identical with that found in coal-tar; hence the 
positions, a, 6, c, and d, are of equal value. From what has 
been said, however, we may conclude that of the three last, no 
two can occupy a symmetrical position with regard to a. 
Hence we must come to the conclusion that all six hydrogen 
atoms of benzene are of equal value; and further, that one 

' Ber. Deuiach. Chem, Qcs. v. 322 ; viii. 1666 ; Thcorie Armn. Verb., Viewcg 
and SoliD, 1876. 
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hydrogen atom con-esponds to two symmetrical pairs, and this 
is indicated in the formula of benzene : 



(> 





/3 



The symmetiical pairs to (1) are 2 : 6, and 3 : 5 ; to (2) 1 : 3, and 

4 : 6, &c. With i-eference to (1) the positions which occur 

twice are : — 

1:2 = 1:0 

1:3 = 1:5 
The position 1 : 4 only occurs once. 



THE CONSTITUTION OF BENZENE. 

943 According to Kekul(5 the constitution of benzene is 
expressed by the following formula : 

CH 

I1C<^\CH 

CH. 



HCV ;cH 



Soon after this formula had been proposed, other chemists gave 
their views concerning the constitution of this compound and 
expressed them by certain graphical formulaD. Of these the 
follo^ving may be mentioned : 




^^ 








\ 


/^ 



I'lG. A. 



Fk;. B. 




Glaus proposed the formulae illustrated by Figs. A and B, giving 
the preference to the former of these ; ^ a similar formula was 

^ Thconi. Bdraekt, System, Org. Chcink, YTcibT. \ftS7. 
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suggested by Komer, which cannot, however, be represented on 
a plane surface, but may be readily put together by means of 
Kekul^ s glyptic models. According to Komer's view, and 
in accordance with Claus's first formula, each carbon atom is 
directly combined with three others. The former assumes that 
the carbon atoms a, c, e, and b, d,f, lie in two parallel planes.^ 
Claus s second formula is identical with that proposed by Laden- 
burg (Fig. c), except that the latter assumes an arrangement 
in space of the six carbon atoms, in supposing that they lie in 
the angles of a three-sided prism.^ 

According to Claus's first formula only two isomeric di- 
substitution products can exist, and for this reason we need not 
further consider it.' Ladenburg raises an objection to Kekul^'s 
formula inasmuch as it requires, not three, but four isomeric 
substitution products, the positions 1 : 2 and 1 : 6 not being 
perfectly identical ; for it is clear that two substituents occupying 
the position 1 : 2 are combined with two carbon atoms which 



4 

are connected together by single linkage, whereas between the 
positions 1 : 6 the carbon atoms are doubly linked. The ques- 
tion whether 1 : 3 is equal to 1 : 5 is a simpler one and may be 
answered in the affirmative. 

Ladenburg thinks that if the first two positions are identical, 
the two crotonic acids must also be identical : 

CH, CH, 

I ' II 

CH CH 



CH CH., 

art 

COjH. COgH. 

But this argument is not unanswerable, as the diSerence observed 
does not merely depend on the arrangement of the linkage of 
the carbon atoms, but also on the distribution of the hydrogen 
among the carbon atoms. 

* Korner, loe, cU. 

* Ber, JMiOteh, CAem. Ges. ii. 141, 272. 

* CcmjttLTe aans. ibid. xv. 1405 ; R. Meyer, iMd. U^^. 
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Victor Meyer opposed Ladenbarg's view, insistiug that the 
diEferenco between the positions 1 : 2 and 1 : 6 was not broagbt 
about by a variatiuu in ibe position of tlie atoms, but only by t 
varying arrangement of the combining units of the carbon, : 
tliat it waa of so very subtle a character that it was doubtfiii 
whether such minute differences could exert a perceptiT " 
influence on the properties of the comiwund.' 

944 In reply to these remarks,* Kekult5 says that the appareul 
difterence between the positions 1 : 2 and 1 ; 6, origiiiatea rathea 
from the model employed tlian from the ideas, of which thii 
model aflbrds only an imperfect representation, and in order t 
show that no such difference exists he brings fiirward th< 
following hypothesis.' The atoms in the systems which we 
call molecules must he assumed to bo continually in motion 
but hitherto no explanation as to the nature of this iutr 
molecular motion has been given, which of course must 1 
ill accordance with the law of the linking of atoms, A planetai; 
motion seems, therefore, inadmissible ; the movement must be 
of such a kind, that all the atoms forming the system retain 
the same relative arrangement ; in other words, that they return 
to a mean position of equilibrium. The most probable assump- 
tion, and one which is in accordance wiib the %'iew held by 
physicists, is that the motion of the atoms takes place in 
straight lines and that on striking each other, they recoil like- 
elastic bodies. What we call valency would then be nothing 
but the number of contacts experienced by one atom with 
other atoms in the unit of time. In the same time 
that the monad atoms of a diatomic molecule like H, strike 
each other once, the dyad atoms of a diatomic molecule come 
in contact witli each other twice, the temperature in both cases. 
being the same. In a molecule consisting of one dyad and tw 
monads, as HjO, the number of contacts in the unit of time 
is 2 for the former and 1 for each of the latter. 

K two atoms of carbon are linked together by one combining 
unit of each, they strike against each other once in the unit a 
time, or in the same time in which monad hydrogen makes i 
complete vibration ; during the same time they encounter thre^ 
other atoms. Carbon atoms linked together by two bondl 
of each come in contact twice in the unit of time, and encounter 



' ^hb. Cliem. Pharm. clvi. 2((B : elu. 21, 
' Ibid. •^J.^\. 7T ; Jirvn. Chan. Sot, 1872, i 
» Ann. fhm. Fh-rm. cl>ii, m 
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during the same time two other atoms. Applying these views 
to benzene we come to the following. Each carbon atom 
strikes against two others in the unit of time, once against the 
one and twice against the other. In the same unit of time it 
comes once in contact with the hydrogen atom, which during 
the same period makes a complete vibration. Accordingly in 
the graphie formula 

HC=:CH 

HCs 2CH 

h6— CH. 

the contacts of the atom 1 in the unit of time may be thus 
represented, if A stands for hydrogen : 

1 : 2, 6, K 2. 
In the second unit of time they are ; 

2 : 6, 2, A, 6, 

which would be represented by the following formula : 

HO— CH 

^* % 
HCs tCH 

HC=CH. 

The same carbon atom is therefore, during the first unit of time, 
linked to one of the adjoining ones by one, and during the 
second unit of time by two of its combining units ; and vice lersd 
with regard to the other adjoining carbon atom. 

The variation of these contacts undergone by a carbon atom 
exhausts itself in these two units of time ; its sum, viz : 

2, 6, h, 2, 6, 2, A, 6 

represents the whole series of possible contacts under these 
circumstances, and therefore repeats itself continually. From 
this it is evident that the carbon atom strikes against the two 
others, with which it is directly combined, an equal number of 
times, i.e. that it bears the same relation to both. The ordinary 
graphic formula only represents the contacts made during the 
first unit of time, and thus the view has sprung up that in 
the di-substitution products, the positions 1, 2. and 1, 6, must 
produce different compounds. If the above, or some similar 
conception be correct, it follows that no real difference exists. 
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945 Michaelis opposed Kekule's views, which, according to him, 

possess, from physical considerations, little probability, especially 
from the point of view of the kinetic theory of gases, as ac- 
cording to this, the square of the velocity of the atoms at equal 
temperatures is. in a perfect gas, inversely proportional to the 
atomic weights. Hence it follows that hydrogen atoms liave 
the greatest velocity, but according to Kekule they impinge less 
often than the oxygen atoms for example, and hence they must 
describe a much larger orbit than these ; and further, their mole- 
cules must be larger than those of the oxygen. But, according 
to the kinetic theory of gases, the hydrogen molecules are only half 
aa large as those of oxygen and are probably the smallest of all' 
the gaseous molecules, Kekuld's ideas on atomic motion cannot,J 
according to Michaelis, be regarded as representing a stable- 
condition of dynamical equilibrium, and are moreover improbahld, 
because then benzene should readily decompose into three 
molecules of acetylene ,> 

In comparing the formulte of KekuM and Ladenbnrg, we 
find that both explain equally well the formation of benzene 
from acetylene, and of mesityleno from acetone, as well as the' 
formation of addition-products; in both cases the existence of 
a closed ring of six carbon atoms is assumed in which each 
atom is connected with two others by a single bond. 

Ladenburg's formula also explains the equal value of the six 
hydrogen atoms, besides showing as clearly as KekuWs thft' 
existence of the three isomeric di -substitution products. If 
number the six angles of the prism, or, to simplify matters, those 
of Claua's hexagon : 



1 ; 2 = I , G = Meta, 

1 ; 3 = 1 : ."> = Ortho. 

1:4 = Para. 

Tliis is also easily shown by employing the proof given hy I 
Korner : 

' licr. Ptnlxh. Clitin. Gfn. v. idZ. 
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iBr 



BrBi 




Br 



\K 




In the case of the triderivatives we obtain the following results, 
similar to those previously obtained : 




1 
1 
1 



2 : 3 adjacent, 

3 : 4 asymmetrical, 
2 : 6 symmetrical. 



If we assume that one of the triangular faces of the 
prism be revolved in its plane through 180°, whilst the other 
remains in its original position, and at the same time the figure 
thus obtained be projected on the surface whose position has 
been unchanged, the following graphic formula is obtained : 




This possesses the advantage that the numbers have the same 
meaning as in Kekul^'s formula, and otherwise expresses all that 
the prism formula can. 

946 Physical Methods, — An attempt has recently been made 
to determine the constitution of benzene by physical methods. 
Briihl has investigated the refractive power of compounds 
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containing carbon in single, double, or treble linkage, and has 
arrived at the conclusion that benzene contains three doubly- 
linked carbon atoms ; hence he considers the accuracy of Kekul^'s 
views to be proved.^ 

Lessen and Zander arrived at the same conclusion from in- 
vestigations on the specific volume of certain hydrocarbons,* whilst 
JuUus Thomson, in determining the heat of combustion of similar 
bodies, arrived at the opposite conclusion ; for according to him 
benzene contains nine single links, and, therefore, Ladenburg's 
formula is correct.* Further investigations must decide whether 
the question can thus be solved. 

Another interesting observation which seemed likely to afford 
satisfactory proof has also failed. An acid termed carboxytartronic 
acid, C^H^Oy, is obtained by the action of nitrous acid on pro- 
tocatechuic acid, CeH3(OH)2C02H,* or catechol, CJS^(01L)^^ 
This acid is very unstable in the free state, quickly decomposing 
into carbon dioxide and tartronic acid, and for this reason Qruber 
and Barth proposed for it the following constitution : 

CO^H 

I 
HO— C— COgH 



CO,H. 

According to these chemists it contains one carbon atom in direct 
linkage with three others, and as it is formed by a simple reaction 
it appeared very probable that this form of linkage also occurred 
in the aromatic nucleus, as expressed by the prism formula. 

Kekul^, however, showed that the correct formula of this acid 

is C^H^Og, and that it is not a tribasic but a dibasic acid, which 

on reduction yields facemic acid together with inactive tartaric 

acid. Kekule then obtained it as a decomposition product of the 

so-called nitrotartaric acid, C2H2(ON02)o(C02H).2. Its constitution 

is, therefore, as follows : 

CO.,H 



•/OH 
^\0H 



'/OH 
^\0H 



COgH. 

» Liebig's Ann. co. 93. ^ '^ Ibid, ccxxv. 119. 

' Ber. IktUifch. Chetn. Ges. xiii. 1808. * Gniber, ibid, xii, 514. 

' Barth, Mmataeh. Ohcni. i. 869. 
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and it is dioxytartaric acid or tetroxysuccinic acid.^ Although 
its constitution does not exactly contradict the tmth of the 
piismatic formula, its formation from catechol is certainly 
. more easy to explain if we assume the hexagon formula for 
benzene. 

947 The same is true for the formation of another acid obtained 
by Carius by acting with chlorous acid on benzene, and afterwards 
investigated by Kekul^ and Strecker,* who have found that it 
is iS-trichloracetylacrylic acid, CCl3C0.CH=:CH.C0.^H, for ou 
wanning with baryta-water it decomposes into chloroform and 
maleic acid : 

C3H3CI3O8 + HgO = C,H,0, + CCI3H. 

It combines with bromine, forming trichloracetyldibromo- 
propionic acid, CCljCO.CHBr.CHBr.COgH, which on boiling 
with lime-water is converted into chloroform and inactive 
tartaric acid. 

)8-trichloracetylacrylic acid is not obtained from benzene by 
a simple reaction, as several by-products are formed, amongst 
others, chlorinated quinones. The acid is produced by the 
action of chlorous acid on quinone, and its formation is most 
simply explained by the supposition that monochloroquinone yields 
it, according to the following equation : 

CO CO 

HC-^^CCl HC^^CClj 

i| 11* + 2CIO2H =11 + CO2 + H,0. 

HCv ^CH HC. 

CO CO.OH 

K we attempt to explain this reaction by means of the prism 
formula, Kekul^ and Strecker have shown that if we do not 
meet with insuperable diflSculties we are, at any rate, surrounded 
by distinct improbabilities. " We must then assume that five 
single links of carbon are liberated, three by the separation of 
the cai'bon atom which is set free and separates out. This cannot 
be said to be remarkable, but two other links are liberated 
so as to form the normal chain of carbon atoms which is con- 
tained in >9-trichloracetylacrylic acid." Hence the improbable 
supposition must be made, that a double linkage of the carbon 
atoms is brought about from a single linkage under conditions 
in which we should rather expect to find the formation of a 

» Liebiff'8 Ann ccxxi. 230. - Ihul ccxxiii. 170. 



single from a double linkage. If the fonnation of the above- 
named acid does not prove the truth of Kekule's views concern- 
ing the constitution of benzene, it renders this view certainly 
far more probable than any other which has hitherto been given. 
In most cases a simple hexagon can be iised to expUiu the 
constitution of the benzene derivatives, and we imply by this 
either Kekule's formula or the star prismatic formula. 

948 Kekuli^'s formula has, moreover, the advantage of satis- 
factorily explaining the constitution of naphthalene, CnjHg, 
phenanthrene, Cj^Hi^ and other hydrocarbons which contain more 
than six atoms of carbon in aromatic linkage. Of these bodies we 
shall speak at length in a subsequent portion of this treatise. 
We only wish to point out that they are derived in several ways 
from benzene, viz : — 

1, The hydrogen in benzene can be replaced by phenyl : 

Phenylbenzene C^U^.C^'S^ 

Diphenylbenzene .... CaH,.(CflHg)g 
Tripheiiylbenzene .... CaHs(CoHj)j 

Compounds are also found containing alcohol radicjils as siile 
chains : 

Phenyltoluene 0„H,,CeHj,CH3 

Methylpheuyltoluene . . . CH3.C,H^.C„H,.C1J, 

2. In others the aromatic nuclei are not combined directly but 
through a carbon atom : 

Diphenylmethane .... CHjCCaHj), 
Triplienyimethanc .... CH(C(H5)j 
Diphenylethane CHs.CH.CCgHj), 

Phenyltolyl methane . . . CHj^ f'^H^CH 

S. The aromatic nuclei arc united by two carbon atoms : 

Dibenzvl C^HdCH,— CH,.CnHs 

Toluylene CgU,.CE=(mCM. 

ToUne - ■ . C„Hb.C=C.C„H5 

Tetraphenylethane .... (C,Hs)sCH— CH(CoHj), 

And t^ this group belongs anthracene : 
C.H./,^^C.H,. 
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4. Of the hydrocarbons with condensed nuclei, it is suflScient 
to mention here, two. 



Xaphtl 


laleiie. 


rhenautlireue. 


HC- 


-CH 


HC-CH HC-CH 


HC 


CH 


/ \ / \ 
HC C C CH 


\ 
C= 




\ ^ \ ^ 
HC C C CH 


HC 


\ 
CH 


HC-CH. 


\ 
HC- 


* 

-CH. 





Many others besides these are known, and from each of these 
a large number of derivatives can be obtained, aflfording a further 
proof of the very large number of the aromatic bodies. 



CHARACTERISTIC REACTIONS OF THE 
DI-SUBSTITUTION PRODUCTS. 

949 A characteristic property of the ortho-compounds is their 
easy transformation with separation of water into inner an- 
hydrides, such as have been mentioned under salicylic and 
phthalic acids. As another example we may mention cumaric 
acid or orthocinnammic acid, whose anhydride, cumarin, gives 
to sweet woodruff its pleasant smell : 

/OH .0 — CO 

CeH / = CeH / | + H,0. 

\CHziiCH.CO.OH ^CHzziCH 

The amido-acids of this group also exhibit a similar reaction ; 
thus ortho-amidophenyiacetic acid passes readily into an anhydro- 
compound, which has been termed oxindol from the fact that it 
was first obtained from indigo : 



•o 



C^H / " = C^H / >C0 + H,0. 

\CH2.C0.0H ^CH/ 

The ortho-compounds liaving carbon side-chains are distin- 
guished from those of the two other series, inasmuch as when 
heated with chromic acid solution, they do not undergo a simple 
oxidation, but are completely decomposed with formation of 
carbon dioxide, acetic acid and oxalic acid, &c. Dilute nitric 
acid, or an alkaline solution of potassium permanganate, on ths 
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other band, easily bring about au oxidation in which the side 
chains are converted into carboxyl. 

Ladenburg found that orthodiamido-compounda when heated 
with monobasic organic acids give rise to peculiar condensatioa 
products: 

Et 1 i^lenepli ouyleuodiiuuiDC. 



C^H,^ 



NH, 



+ HOXW.CHj = C^il^- 



N ' 



)C,CH3 + 2H,0. 



In the meta- and para-compouods, however, a hydrogen atom 
of each araido-group is replaced by an acid radical, and thus, 
/9 diacetyldiamido-benzene, CoH^CNH-COCHg),, is obtained. 

The orthodiamines aLw form with aldehydes a scries of mono- 
acid bases to which Ladenburg has given the name at 
aldehydines : 

Bpnialdtlijdii. PhenylhenEaldeliydina. 

C„H,(NH^3 + 2COH.C,H5 = C„H«(NCH.CeHs), + 2a,0. 

Tlie diamines of the two other series act similarly ; but th^ 
compounds thus obtained are so unstable tliat it is impossible 
to prepare their salts since they decompose readily into their 
constituents with assumption of water. 

If the hydrochloride of an ortbodiamine he heated with 
benzaldebyde from 100° to 120°, half the hydrochloric acid ia 
evolved, whilst the salts of the two other series yield no trace 
of acid when thus treated. 

Ladenburg found that the orthtKliamido- com pounds are dis- 
tinguished from the other isomeridea by the action of nitrous 
acid, inasmuch as only one molecule of the base enters into the 
reaction,' and inner condensation occurs accompanied by elimiua' 
tion of water. Orthodiamidohenzene yields amidoazopheuylei 
or azoamidobenzene ; 



CgH^i 



H 



-N 



NO„H = an/ 1 ^.NH + 2H,0. 



9S0 In the case of metnrcompounds on the other hand, two 
molecules take part in the reaction, and yellow or brown azo^. 
colours are formed. From metadiamidobenzenc, triaraidoazo- 
benzene or phenylene -brown is obtained : 
2C„H,(NH(),+N0,H = C„H,(NH^N = N0„H,fNHs)j-|-2H,O. 

' Hrr. JHkIkIi. Clirw. Ik.^. W. ^IP. M'li ; xvii. 117. 
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According to Griess this reaction is so characteristic and delicate 
Uiat it may be used to detect the nitrites in potable water ; for 
this it is necessary to mix the solution of the base with the 
solution of the nitrite.^ 

Another characteristic reaction for the metadiamidobenzenes is 
that they unite with diazo-salts to form diamidoazo-compounds, 
yellow or yellowish red colours, one of which is well known as 
chrysoidine. 

Nitrous acid acts quite differently on paradiamido-compounds ; 
if potassium nitrite be added to a solution of hydrochloride of 
paradiphenylamine, a brown powder separates out after some 
time, the amount of this being increased on warming with 
\iolent evolution of gas and formation of quinone (Ladenburg). 

In the para-series many compounds occur which yield quinone, 
C^H^Og, on oxidation with manganese dioxide and dilute sulphuric 
acid ; this substance being recognised by its powerful smell, as 
well as by the ease with which it sublimes in yellow needles. It 
is, however, not only obtained from para-substitution products, 
such as hydroquinone, paradiamidobenzene, &c., but also from 
m6nosubstitution products, such as aniline. 

The influence of the nitroxyl is remarkable when it occurs in 
the ortho- or para-positions with respect to the halogens. 

When the latter replace hydrogen in the aromatic group, the 
compounds formed are usually not capable of double decomposi- 
tion, but they become so when nitroxyl occupies the above position. 
Ortho- and para-bromonitrobenzene when heated with alcoholic 
potash are converted into the corresponding nitrophenols : 

CeH,(N02)Br + KOH = CeH/N02)0H -h KBr. 

If the former be heated with alcoholic ammonia nitranilines are 
formed, which may be also obtained from the corresponding 
nitranisols : 

CeH,(N02)OCH3 + NH3 = CoH,(N02)NH2 -h HO.CH3. 

These reactions do not take place in the meta-series. 

The orthodinitro-compounds readily exchange a nitroxyl for 
other radicals.^ 

If orthodinitrobenzene be boiled with caustic soda ortho- 
nitrophenol is formed, and on heating the former with ammonia, 
orthonitraniline and ammonium nitrite are obtained. 

' Ber. Deutseh. Chem. Oes. xi. 625. 

- Lau1)enheimer, ibid. ix. 761 ; xi. 303, 1151 ; xv. 597. 
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If dinittochlorobenzene, CoHjCKNO;),, which has the following J 

constitution — 

\ / 

Cl 

he byileil with a solution of sodium sulphite, soiiiuru nitjochloro- 
benzenesulphonate. CoHj{N02)Cl(S03Na), and sodium nitrite are 
produced. 

BENZENE GROUP. 
Boze.se, CuHg. 

951 HiiAvrical. — It has already been stated that the oil obtained 
from portable gas contauied a liquitl, in which Faraday in 1825 
discovered two new hydrocarbons (Vol. iii. Part II. p. 162), the 
first of which was afterwards found to be butyleue. To the 
second, Faraday gave the name of bicarhuret of hydrogen, as 
he Ibund its empirical formula to be QJ3. (C = C). By exploding 
its vapour with oxygen, he observed that one volume conttuna 
36 parts by weight of carbon, to 3 parts by weight of hydrogen, 
and its specific gravity compared with hydrogen is therefore 39.' 

Mitscherhch, in 1834, obtained the same hydrocarbon by dis- 
tillation of benzoic acid, CjHnOj, with slaked lime, and termed it 
benzin. Ho assumed that it is formed from benzoic acid, simply by 
removal of carbon dioxide.* Liebig denied this, adding the follow- 
ing editorial note to Mitscherlich's memoir : " We have changed 
the name of the body obtained by Professor Mitscherlich by the dry 
distillation of benzoic acid and lime, and termed by him benzin, 
into benzol, Ix^cause the termination 'in' appears to denote an 
analogy between strychnine, quinine, &c., bodies to which it does 
not bear the slightest resemblance, whilst the ending in ' ol ' 
corresponds better to its properties and mode of production. It 
would have been perhaps betterif the name wliich the discoverer, 
Faraday, had given to this body had been retained, as its relation 
to benzoic acid and benzoyl compounds is not any closer than it 
is to that of the tar or coal from which it is obtained." 

Almost at tlie same time P^digot found that the same hydro- 



carbon oecura. togetlier with benzone, 0,jH,„O (diphenylketoDe 
CO^CgHjlj), in the products of the dry distillation of calcium 
beozoate.' 

The diflFerent results obtained by Mitscherlicli and Peligot are 
represented by the following formulte : 

CjH^O, + CaO = CgHo + CaCOj,. 
(CjHsOjjjCa = C.jHjoO + CaCOj. 

Peligot obtained benzene only as a by-product, eKactly as in the 
preparation of acetone (dimethylketone) from calcium acetate, a 
certain quantity of marsh gaa is always formed. 

It is not clear how Liebig became acquainted with the fact 
that benzene is formed by the dry distillation of coal, as his pupil 
Hofmauu, who obtained it in 18+5 from coal-tar, observes : " It 
is frequently stated in inemoiis and test-books that coal-tar oil 
contains benzene, I am, however, unacquainted with any re- 
search in which this (question has been investigated."* It is, 
however, worthy of remark that about the year 1834, at the 
Ijme when Mitscherlich hod converted benzene into nitrobenzene, 
the distillation of coal-tar was carried out on a large scale in the 
neighbourhood of Manchester ; the naphtha which was obtained 
vras employed for the purpose of dissolving the residual pitch, 
and thus obtHUiiug black varnish. Attempts were made to 
supplant the naptha obtained from wood-tar, which at that time 
was much used in the hat factories at Gorton near Manchester 
for the preparation of " lacquer," by coal-tar naphtha. The 
substitute however ilid not answer, as the impure naphtha left 
OD evaporation so unpleasant a smell, that the workmen refiiscd 
Itoio employ it. It was also known about the year 1838, that 
l|Vond-imphtha contained oxygen, whilst that from coal-tar did not, 
I And hence Mr. John Dale attempted to convert the latter into 
the former, or into some similar substance. By the action of 
sulphuric acid and potassium nitrate, he obtained a liquid possess- 
ing a smell resembling tliat of bitter-almond oil. the properties of 
rhich he did not further investigate.* This wae, however, done 
1 1842 by Mr. Jolm Leigh, who exhibited considerable quantities 
t benzene, nitrobenzene, and dinitrobenzene to the chemical sec- 
Q of the British Association meeting that year in Manchester, 
s communication is, however, so printed in the Beport, that it 
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is not possible from the description to identify the bodies 
question* 

95a Coal-tar is obtained, as is well known, together with ai 
monia-liqiior in the manufacture of coal-gas, The same prodiii 
are alao produced in the coking process, now usually carried 
in ovens connectwl with vessels in which the aqueous distilU 
and the tar are collected. It is interesting to learn that tbt 
products were collected even before the manufacture of | 
became known. Thus De Geusanne describes coke ovens co 
nected with th? ironworks at Sulzbacb, near Saarbrucken, aboi 
1764, in connection with which was an arrangement for collectii 
the volatile products " les huiles et !e bitume." The oil tliiw 
obtained resembled distilled petroleum, lia<l a strong bituminous I 
odour, and burnt with a smoky flame ; the miners and peasantB 1 
in the neighbourhood used it for their lamps. 

These are probably the same ovens which Goethe, in 1771, 
saw in the neighbourhoitd of the burning hill near Dutweiler, a 
village near Sulzbach.* Here he metoldStauf, a coal philoBopb«^ 
— " philosophuB per ignem," as it was formerly called — " who 
complained that the enterprise did not pay," for as Goethe says, 
they not only wanted to desulphurize the coal for the iise in 
iron-works, " but at Ihc same time they wished to turn the oil 
and resin to account ; nay, thgy would not lose the soot, and 
th\i3 all failed together, on account of the many ends in view." ■ 

Large quantities of lienzetie were i)repared iu 1S48, under, 
Hofmann's direction, by Mansfield, who proved that the "naphtha 
in coal-tar contains homologues of beiizenea. which may b» 
separated from it by fractional distillation.* 

On the 17th of February. 1856, Mansfield was occupied witb 
tlie distillation of this hydrocarbon, which he foresaw would find 
fiirther applications, for the Paris Exhibition, in a still, whoaa 
construction is shown in Fig. 1. The liquid in the retort boiled 
over and took fire, burning Mansfield so severely that lie diedf 
in a few days.' 

Smirces 0/ Benzene. — Benzene is also found in the products 4 
distillation of wood and many organic bodies. It is likewise prw 

' Private comomnicalion. Sril. Amoc. £,'poH, I81S. 38. Sre also XonOeM 
Sfient. ISes, 416. 

' Priraw communication of Dr. Onrlt to W«lson Smith. The till* 9 
GenaanQB'i worlt in: TraiU Ae la fontt dot Minai par le frv du Char * A Tern 



* Qtiart. Joti-ni. Chrm. S»r. i. 2H. 
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when the vapours uf ita homologuea and other aromatic 
ipouiids are passed through a red-hot tube. Even the simplest 
ipoiuids of the fatty group, aiich as marsh gas, alcohol and 
ilk acid, yield some beixzene together with a variety of uther 

hen thus treated!.' 
Of special interest is ita synthesis from acetylene, CgH^, dia- 
corered by Berlhelot. If this gas he heated for some time at the 
temperature at which glass begins to soften, it is converted into 
a mixture of polymerides, amongst which benzene is present 
in considerable quantity.* Marignac has shown that it is also 
fornieil hy the distillation of phtlialic acid, CgHgO,, with caustic 




mm 



ic* The reaction is quite similar to that by which it is formed 
from benzoic acid : 

CgHj.COjH = CoHu + CO, 
C,H/C0jH)3 = CgHfl + 2C0j. 

<i\\<e. that time, it has been observed that all beuzeuccarboxylic 
I'l*. or acids which are derived from benzene hy replacement of 
li'fgen hy carboxyl. are in this way converted into benzene. 
Bi-nzene also occurs, together with its bomologues, in small 

'{uaiitities in petroleum from Burmah (Rangoon tar),* in that 

> Derthclat, Jahrctb. 13BI, «S7, 501 ; 1838, 333. 

* Ibid. 1870, 1. 

■ A»lt. Clum. Pharm. ilii. 217. 

• Wmtmi do U RiiH mid H. MuII.t, /^y. Soe. Pr/x. v[ii. 231. 



C8 AROMATIC COMPOUNDS. 

from Galizia,^ and ia that from Canadian and Fenosylvanta] 
wells. (Schoriemmer.) 

Manufacture. — Benzeue is largely employed iu the arts, es{ 
fially in the manufacture of aniline. In preparing it, coal-4 
or tar from certain coking processes, is distilled iu largo r 
made of malleable iron. The usual English retort is shown '. 
Figs. 4 and 5, whilst those used in France and Germany i 
represented in Figs. 2 and 3. 

The vajwurs are cooled by jtassiug tliroiigh lead or copptt 
pipes, or by means of a system of iron pipes as shown in Fig. 8, 




In this proteas the ioilowiug products are obtained, cina- 
bustible gases being evolved at the commencement of iIh 
distillation. 

The ^nt rnnnmgs amount to about 2 to 4 per cent, of th^ 
tar, and consist of carbon disulphide. {laraffins, olefines, benzene. 
and other hydrocarbons, acetouitril, ethyl alcohol &c. Attheei 
time ammouia-water comes over, and for this reason the dift- 
tillate separates into two layers. When a thermometer is used 

' Fn.iiDli, Ann. Cliem. Pharm. rxv. 19. 



953 Beuzeue mixed with other bydrocarhoiis is obtained from 
the 6rat runctngB by fractional distillation. The light oil, however, 




-fitt^Wef source of crade benzene. This oU contains a small 
Imantity of paraffins, olefines, benzene and its homologues, phenol, 
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creeol, naphthalene and bases. It is first rectifietl once or several 
times in light oil stills, which are similar in structure to the tar' 
stills, but usually smaller. The portion boiling between 80° and 
150°, together with that fraction of the fii-st runnings which 
boils above 80°, and the portion of the creasote oils whieh, on 
reL'tification, boils below 150°, are then worked up for benzene 
and its homologues. The first boiling portions of the light oils 
are frequently collected separately and brought into « 
as crude naphtha, being employed for carburetting gas, and aa 
a solvent. 

The rectified light oils are then treated with 5 per cent rf 
concentrated sulphuric acid, for the purpose of freeing them f 
bases, olefines and other hydrocarbons ; well washed with w: 
and thoroughly agitated with caustic soda, which dissolves phenol' 
and its homologues. 

In 1860, £. Kopp su^ested the employment of an apparatm 
used in the rectification of alcohol for the purpose of fractionating 
the neutral oils thus obtained, and this suggestion was first carried 
out on the large scale by Coupler at Poissy, near Paris, in 1863. 
The apparatus he employed, Fig. 7, consists of a boiler heated 
by steam and a column that serves as a dephlegmator, 
which a jtartial separation takes place. The vapours which do 
not here liquefy pass into a series of condensers surrounded by a 
solution of calcium chloride, which for the purpose of obtaining 
benzene is heated to a temperature of 80°. 

When this has all distilled over, the bath of calcium chloride if 
heated to 110", when toluene passes over. To obtain the mixture 
of the xylenes, a paraffin bath is employed heated by high preasuftt 
steam to a temperature of 140°. Coupler obtained the following 
results with this apparatus : 

100 litres of light oil boihng between 80° and 150° gave > 
B.P. 
6 litres of cnide benzene .... 62° to 80' 

4i „ benzene 80° „ 82° 

R „ intermediate product . . 82° ,. 110' 

17 „ toluene 110' ., 112° 

5 ,. intermediate 112° ,. 137° 

9 ,. xylenes 137° „ 140' 

5 „ intermediate 140° ., 148° 

8 to 9 „ trimethylbenzenes . . . 148° „ 150°* 
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In larger works the hydrocarbons are separated by means (rf 
large copper column apparatus (similar to those employed ia tlie 

rectification of spirits), Fig. 8 shows one employeil by Savalli 
Paris, a vertical section being shown in Fig. 9. The condenEatjon 
of the vapours ia effected by a cnrrent of air, the strength at 
whicli can be rcgulatetl. 

The benzene boiling from S0° to 82° is pure enough for th« 
prejiaration of pure auiiiue. It always, however, contains a smalt 




Pio. v. 



quantity of paraffins and other non-saturated hydrocarbons. Ia 
order to purify it Mansfield's process is employed. Tliis consbta 
in crystallizing the crude benzene in a freezing mixture, whentha 
impurities remain liquid and can be separatetl from the pure 
solidified benzene. A simple apparatus for this purification has 
been described by Hofmann.' 

Chemically pure benzene, obtained from benzoic acid, does not- 
colour sulphuric acid brown, though that obtained from coal-tAr 

' Brr. Dniiteh. Ckent. Ors. iv. IflE. 



does so even after crystallization. This latter product exliibits a 
vt'iy characteristic reaction. If one grain of isatine, CgHjNO,, 
be dissolved in concentrated sulpliuric acid, and benzene added, 
the liiiuid after a short time becomes of a fine blue colour; 
if. however, the beaZene be previously shaken with sulphuric 
acid, until it is no longer coloured brown, or if the benzene 
obtained from benzoic acid be used, the isatine reaction is not 
given.i 

The body which produces this reaction is thiophene, C^HjS, a 
liquid possessing a most remarkable similarity to benzene. 

Mention has alrea<!y been made of this substance, Vol. III. 
Part II, p. 631. 

954 Properties, — Benzene is a colourless, mobile, strongly refract- 
ing liquid, possessing a peculiar smell, boiling at 80''5, and solidi- 
fying, when cooled, to rhombic crystals which melt at +°5. It is 
easily inflammable, burning with a luminous and smoky Hame. 
Like other hydrocarbons, it is very slightly soluble in water, but 
dissolves in alcohol, ether, chloroform, &c. On the other hand, 
il serves as an excellent solvent for iodine, sulphur, phosphorus, 
fata, resins, various alkaloids, and many other organic compounds. 
Its specific gravity at 0° is OOOO and at 15° is 0885. 

Benzene taken internally is found in the urine, as a salt of 
pfaenylsnlphonic acid, If the vapour of about 10 grammes be in- 
baled, dizziness and sickness, as well as a tendency to sleep, occur. 
In doses from 40 to 50 grammes it produces a similar action 
to chloroform, accompanied by profuse perspiration ; the same 
quantity given to cats acts fatally, with epileptic seizures. 
In works in which the fat is extracted from woollen fibre by 
benzene, the vapours of this substance produce intoxication 
amongst the workmen, who also suffer from a peculiar irritation 
and dryness of the skin, due, accoi-ding to Perrin, to the solution 
I of its fatty constituents.' 

When the induction spark is passed through benzene a solid 
■ nibataDce is formed, together with carbon, whilst a mixture of 42 
■to 43 per cent, of acetylene, and 57 to 58 per cent, of hydrogen, 
I b given off.* 

If benseue be oxidized with manganese dioxide and sulphuric 
V«cid various products are formed, amongst which are formic, 
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benzoic, and phthalic acids.' If formic acid be adJed to the 
above oxidizing mixture a lar^r proportion of benzoic acid i« 
formed, from which Carius concluded that it is produced by a 
simultaneous oxidation of benzene and formic acid. 

CaHo + CHO.OH + O = CaHi.CO.OH + H^O. 

It appears, however, more probable that a part of the benzene 
is oxidized to diplienyl, CflH^.C^Hj, and tliat tliia on further 
oxidationyieldsbenzoic acid, whilst phtbalicacid, CgH,(CO.OH)j, 
ia formed from diphenylbenzene, CjH,(CaHj)j, which is probably 
formed at the same time as the diphenyL 

Benzene, when brought into contact with a glowing spiral of 
platinum wire, in presence of air, is oxidized to benzaldehyde and 
benzoic acid.^ 

By the action of potassium chlorate and sulphuric acid 
on benzene, Carina obtaint-'d a peculiar acid, which he con- 
sidered to be a chlorine substitution product of an acid 
homologous with malic aeitl, and to which he gave the name 
of trichlorophiiuumalic acid, CgHjCljO^. He believed it to be 
jiroduced according to the following equation : 

OflHfl + 3C10.H = C^H.Cl.Og + H.O. 

At the same time he obtained chlorobenzene, oxahc acid, 
chlorinated quinois, and quinonea, amongst which was dichlon>- 
quinone, i?oHjCl,Oj, and other bodies. 

By heating trichlorophenomalic acid with baryta water, 
phenaconic acid, CgH^Ofl, a substance isomeric with aounitic acid, 
was produced : 

C„H,C1,05 + H.O = CeHfia + 3HCI. 

When, however, this body was heated with hydrioJio acid it 
was completely converted into succinic acid, whilst by the action 
of bromine two isomerii- dibromosuceinic acid.-* were formed. 
ITiese, as well as the succinic acid, must be produced trvm 
phenaconic acid by •' polymeric rearrangements." On wanning 
n mixture of the two dibromosuceinic acids with baryta water 
Carius obtained racemic acid and bromomaleic acid. 

A short time after this Carius concluded, from some expert- 
monts made on the acid ]>otassium salt of funiaric acid, that it 
was clear that phenaconic acid is identical with fumaric acid. 
Hence phenaconic acid disappeared from the list of chemical' 
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compounds; trichloropLenomalic acid remained, however, as a 
mysterious body, aud its decompusition into hydrochloric acid 
and fuiiiaric acid was unexplained. 

In 1877 Kratft repeated Carius' experiments, and found in 
the product of the reaction a large quantity of trichloroquiiionp. 
CgHCljOj. and trichlorohydroquinone, C^HjCIjOj, which latter 
substance he considered to be identical with trichlorophenoraalic 
acid. This compound then disappeared from chemical literature, 
the fact being overlooked that Krafft had only proved tlio 
formatiou of trichloroquinone and trichlorohydroquinone. The 
identity of this latter substance with Carius' acid had not been 
sliown, and he did not try the only decisive experiment, i.e. to 
convert trichloropheno malic acid into fumaric acid. 

The investigation of trichlorophenomalic acid was next taken 
up by Kekul^ and Strecker. In the introduction to their 
memoir they say ; " To express shortly the results of our critical 
studies, we may state that it is nothing but a comedy of 
errors. Trichlorophenomalic acid is not formed according to the 
equation given by Carius, neither has it the formula which 
Carius ascribed to it ; on the other hand, it is uot, as Krafft 
bflieved, identical with trichlorohydroquinone. It does not yield 
hydrochloric acid or fumaric acid when decomposeil by alkalis, 
but, nu twit lis tanding, Carius' phenaconic acid is identical with 
fumaric acid." 

It has already been stated that trichlorophenomaUc acid 
proved to he ^-trichloracetylaciyhc acid, CgHjClgO;,, which is 
Mwluble with difficulty in cold, but more readily in hot water, 
Pftud crystallizes in small glistening scales, which possess a 
Kyleasant smell, and melt from 131° to 132°. 
B On warming with baryta water it decomposes into chloroform 
Bod maleic acid, C,H,Oj, and it unites with bromine to form tri- 
Bhloracetyldibromopropionic acid, C^HjClgBrjOj, which on heating 
Hritli lime-water splits up into chloroform and inactive tartaric 
^kid. Carius' statements can now be simply explained. In his 
Hnb experiments part of the maleic acid was converted into 
^bmaric acid ; by the action of bromine on tliis mixture he ob- 
Bained dibromosuccinic acid together with isodihromosuccinic 
H^etd, the former of which yielded inactive tartaric acid, then 
lh>elieved to be racemic acid. In liis later experiments the 
|i«Qnversioa of the maleic acid was complete, and his pure 
Hphenaconic acid consisted entirely of fumaric acid.' 
H ■ Lid>ig'f Ana. ouxiiij. ITO ( where sIeo the complete literature will be rouod]. 



7B AROMATIC COMPOUNDS. 

If boiling benzene be saturated with picric acid (trini- 
trophenol), the compound, C^H^ + CgHj(NOj)sOH, separates 
out on cooling in bright yellow crystals, which give off benzene 
on exposure to air {Fritzsche). 

If antimony chloride be dissolved in hot benzene, transparent 
monocliuic tables of the compound, (CgHg)j(SbCl3)3, separate out 
on cooling, which dehquesce on exposure to air.' 

When a current of hydrochloric acid is passed into a mlirture 
of benzene and ahiminiima chloride, a compound, BCgHg + AlaClg, 
is obtained as a thick orange-coloured liquid, which crystallizes 
at —5°, and is decomposed by water into its constituents. 
Aluminium bromide forma a similar compound.* 

When bi^nzene is heated with potassium from 230° to 260°, 
a bluish-black crystalline body is formed without any hydrogen 
being evolved ; on exposure to air this substance spontaneously 
ignites with explosive violence. If this body bo covered with 
benzene, and water slowly added, dipheuylbenzene, CnHj(CgHj)^ 
is formed together with a small quantity of diphenyl, (CjHj)^, 
and of a hydrocarbon, CjjHj^, wliich is a thick Uquid smelling 
like imisecd and builiog at 222°. From this it would appear that 
the above blue body is a mixture of raouopotassirim benzene, 
CflHjK, dipotasaium benzene, CuH^K^and potassium hydrogenide, 
K,Hj (Vol. ir. Part I. p. 61) ^. 



ADDITIVE PRODUCTS OF BENZENE. 

955 Saizaic hcxhi/dru/r, or Ifa-kffdrobenzoU; C^^„, was first 
obtained by Berthelot, and believed by him to be hcKanc. It is 
formed when benzene is heated with a large excess of aqueous 
bydriodic acid, saturated at 0°, for five hours, to 280°. It forms a 
constituent of Caucasian petroleum,' and is a liquid boiling nt 69°, 
and having a specific gravity 076 at 0°.' 

Berizcne hexchloride, CjHjCI,, was first prepared by Mitscher- 
lich,' Peligot.^ and Latirent,* by exposing benzene in large flasks 
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filled with chlorine to the action of sunlight. It is also obtained 
when chlorine is passed into boiling benzene.^ 

According to Hugo Miiller, benzene dichloride, CgHgCl2, and 
benzene tetrachloride, CgH^Cl4, bodies which have not been more 
closely examined, together with substitution products, are first 
formed.* Additive products are also formed when hydrochloric 
acid and potassium bichromate act upon benzene.^ 

In order to prepare benzene hexchloride, chlorine is allowed 
to act in the sunlight on the surface of benzene contained in 
large fiasks.^ The crystalline mass thus formed is then re- 
crystallized from hot benzene. It forms large monoclinic prisms 
melting at 157° and boiling, with liberation of hydrochloric acid, 
at 288** ; alcoholic potash decomposes it completely into hydro- 
chloric acid and asymmetrical trichlorobenzene. Fuming nitric 
acid does not attack it even on warming, whilst zinc reduces it 
in alcoholic solution to benzene.* 

On passing chlorine into boiling benzene in the sunlight an 
isomeric benzene hexchloride is formed, which crystallizes in 
regular octahedra and tetrahedra, etc. This body melts at 300° 
and volatilizes about the same temperature ; it is only slowly 
attacked by boiling alcohoUc potash, and is unaltered by a boiling 
alcoholic solution of potassium cyanide, by which reaction it can 
be separated from the ordinary hexchloride, as this is at once 
converted into trichlorobenzene.® 

According to Schiipphaus, Meuniers compound, which 
Hiibner previously observed, is perhaps diphenyl dodecachloride, 
CjjH^oClij.^ 

Benzene hexbromide, CgH^Br^ was obtained by Mitscherlich by 
the action of bromine on benzene in sunlight.® It separates from 
its ethereal solution in microscopic, opaque, rhombic prisms 
(Lassaigne), and is decomposed by alcoholic potash into 
tribromobenzene and hydrobromic acid. 

BenzcTu (richloroJiydrin, OgHgCl3(OH)3, is formed when benzene 
is brought into contact with aqueous hypochlorous acid. It is 
difficultly soluble in water, but readily in ether, and crystallizes 

^ Lesimple, Ann, Chan. Pharm. cxxxvii. 123 ; Heys, Zeitsch. CJicin. 1871, 
293. 
" • Jahradt, 1862. 414. 

* Junfffleisch, ib. 1868, 855. 

* Leeds and Everhart, Joum, Americ, Chain, ii. 205. 
» Zinin, Zeiiwh, Chem. 1871, 284 ; ii. 205. 

^ Mennier, Compi, Rend, xcviii. 436. 
' Ber, DeiUseh, Chem, Oes. xvii. 2256. 

* Ann, Chem. Pharm. xvi. 173. 



lu fine scales which melt at 10°, and are volatilu without 
position. Very dilute alkalia decompose it with formation of' 
various products, among which phcnose, CuHj^Og, a body isomeric 
with glucose, is found. This is an amorphous, hygroscopic maas^ 
which possesses a sweetish taste and reduces au alkaline copper 
solution. Concentrated hydriodic acid is said to convert it into 
secondary hexyl iodide on heating.' 



CHLORINE SUBSTITUTION PRODUCTS OF 
BENZENE. 

956 It has already hven stated that by the action of cbloriiu 
(in benzene a ntisture of additive and substitution products il 
obtained. When iodine is added, a smooth and regular eubstitii' 
tion takes place in consequeuce of a coutinuous decompositii 
and reformation of iodine chloride. Still more energetic is ttu 
action of antimony chloride, which is, therefore, used in thj 
preparation of higher chlorinated derivatives. 

By this direct substitution all the tliooretically possible cont 
pounds are not formed. Monochlorobenzene which is first formed 
is chiefly converted into paradichlorobenzene, some orthodichlorft 
benzene being produced at the same time. Ou further chloriiia« 
tion both yiehl asymmetrical trichlorobenzene, and this agau 
yields symmetrical tetrachlorobenzene, in which the two hydroj^ 
atoms are in the para-position. This is then further converted 
into pentachlorobcnzene and hexchiorobenzene. 

Monochlorobenzene is also formed by the action of pentachluridi 
of phosphorus on phenol, as well as when the amido-group 01 
aniline is replai'ed by chlorine, by means of the diazo-reacUon. Ii 
the same way other chloroljenzenes are obtained from chlonnt 
substitution products of aniline aud phenol. 

MonodUorobenztne, C^HjCl, was obtained by Laurent aud 
Gerhardt by the action of phos|)ltoru3 chloride on phenol 
(phenyl alcohol) and called chloride of phenyl (chlorure 
ph&nyle).' 

The product thus obtained, however, was a mixture of chloro- 
benzene with phenyl orthophosphate,* and probably also th« 

' Carins, Ann. Cluita. Piann. cxiivi. 823 ; cx\. 322. 
* Hugo Mullur, JoHra, Chem. Sof. iv. (1. 
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chlorides of monophenyl- and diphenyl-phosphoric acid ; ^ this 
explains the statements of the above chemists that chloride 
of phenyl when treated with alkalis is again converted into 
phenyl alcohol 

In order to prepare chlorobenzene, rather less than the theo- 
retical amount of chlorine is passed into a solution of one part of 
iodine in four parts of benzene, and the product washed with 
caustic soda, and purified by fractional distillation.* 

It is also formed when benzene is heated with sulphuryl 
chloride to 150°.^ 

CoH^ + SO^Cl^ = CeHgCl + HCl + SO2. 

Monochlorobenzene is a pleasant smelling liquid, which boils at 
132**, and has a specific gravity of 1 12387 at 0°.* It solidifies to 
a crystalline mass, melting at — 40**. 

Concentrated nitric acid converts it into a mixture of solid 
parachloronitrobenzene and liquid orthochloronitrobenzene. 

957, Monochlorobenzene liexMoride, C^HgCly, is formed when 
diphenyl sulphone, (€^115)2802, is treated with chlorine in the 
sun-light. It crystallizes from hot alcohol in small quadratic 
prisms which melt at 255° to 257°.^ 

Paradidilorobenzene, CgH^Clg, was obtained by H. Miiller by 
passing chlorine into a solution of iodine in benzene until a 
sample of the product sank rapidly in water ; it was then washed 
with caustic soda, any benzene and monochlorobenzene still 
present removed by distillation, and the portion boiling above 
160** cooled to 0°. The compound crystallized out, and was 
purified, after removing the mother liquor, by re-crystallization 
from alcohol. Paradichlorobenzene is also readily obtained when 
the requisite quantity of chlorine is passed into benzene, to which 
1 per cent, of molybdenum chloride has been added .^ It is also 
formed, with other products, by the action of phosphorus 
pentachloride on parachlorophenoF and paraphenolsulphonic 
acid, CeH^(0H)S03H.« 

Paradichlorobenzene crystallizes in monoclinic plates, which 
possess a pleasant sweet smell, and sublime in closed vessels, at 
the ordinary temperature, in large, four-sided tables. It melts at 

^ Jacobsen, Ber, Deutsch, Chan, Grs. viii. 1519. 
2 Hngo Muller, Zeitsch. Chcni, 1864, 65. 
» Dubois, ibid. 1866, 705. 

* Adriecnz, Bcr. Dcutsck, Chem. Qrs. vi. 441. 
■ Otto, Ann. Chnn. Phann. cxli. 101. 

* Aronhcim, Bcr. De^Usch. Chnn. Gcs. viii. 1400. 

^ Beilstoin and Kiirbatow, Aun. Chem. Phann. rlxxvi. 40. 

* Kekale, Bcr. Deutsch. Chcin. Gcs. vi. 944. 
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56'** and boils at 1732°.i It is couverted by filming nitric 
acid into paradichloronitrolieiizene, meltiny at 54*5' 

Or/hiHlu-hlorohemene, 0(114(^1^ was firet prepared by Beilsteia 
aiid Krirbatow by tlie action of phosphorus pentacbloride on 
orthochlorjphenoL* Tliey aUo found it in the mother liquor 
obtained in tho preparation of paradichlurobeuzene by Miillef's 
Toethod. In order to prepare it from this, the liquid is heated fof 
two days with fuming Hulphiiric acid to 210°, when ortbo* 
liichlorobeuzenesul phonic acid is forme<l, any paradieblorCK 
benzene still present not being acted upon. Tlie sulpbonic acid, 
which is obtained in the pure state from tlie barium salt, yieldi 
pure orthodichlorobenzene ' on dry distillatioQ. It is a liquii 
boiling at 179° and not nolidilying at— '14°. Fuming nitr" 
acid converts it into the dicidorouitrobeiizene which mel 
at 43°. 

Metatliehlordhenzene, CjHjClj, was obtainetl by Komer, t 
converting me tan i tramline into the diazo-chloride and fiisiug it 
platinum chloride with soda. He thus obtaiued metachlora 
iiitrobeuzene, whicli lie reduced to metachlorauiline, in which 1 
then replaced the amido-gruup by chlorine. It is also formal 
when the corresponding dicblorauilinc is covered with absolub 
alcohol, nitrogen trioxide passed in, and the solution, atle 
saturation, heated to boiling. It is a liquid boiling at iTS", an 
haviTig a specific gravity of 1307 at 0°, On nitration it yield 
a dichloronitrobenzeue melting at 33°, which on reduction j 
converted into the original dichlorauilinc* 

Dichlo7-obenze>ic heaxhloride, C^Hfil^. was obtained by Jung 
fieiseh, by the action of chlorine on benzene in tlie sunlight. I 
crystallizes from chloroform in oblique rhombic prisms which d 
not niflt at 2-111°.' 

Mettiug' BoiliDfE- 

1-iiEt. iKiint, 
Symmetrical (I.3.oj long needles 634° 208'.i° 
^ Asymmetrical (1.2.4) rhombic crjstaJa 100° 2130° 

* Adjacent (1,2.3) lai^e tables 53-54° 218-219' 

> Komer, JoAretb. UTS, SIS. 

* Ibid. Axxxii. 94. 

* JnngfleUch, ZeiUeh. Chem. laas, 186. 

* JuiiRlleucli, Ann. Chim. P>ij/t. [i], xr. ISO ; BciUlein and KurlMtoir, Am 
Ckan. Pbnrm. cxvii. 238. 

""Aorm. jvi. 173; Otto, ibid. dxi. 105; Jlta 

irbdlow. * lt(iiUl«>u aud KurlMlow. 
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TctracklorohenzcneSy CgHgCl^. 

Melting- Boiling- 
point point. 

* Symmetrical (1.2.4.5) monoclinic crystals 137-138° 243-246° 

* Asymmetrical (1.3.4.5) needles 50-51° 246° 
'Adjacent (1.2.3.4) needles 45-46° 254° 

Pentachlorobenzenc, CgHClg, crystallizes from hot alcohol in fine 
needles, melting at 85° to 86°, and boiling at 275° to 276°.* 

958 HcxcldoTohenzenCy CgCl^, was obtained by Hugo Muller as 
a final product of the action of chlorine on benzene in presence 
of iodine, or better, of antimony pentachloride. He expressed 
the opinion that it was identical with the compound already 
known under the name of Julin's chloride of carbon, which 
was prepared in a very peculiar way. Julin manufactured 
nitric acid in Abo, in Finland, by heating crude saltpetre in 
cast-iron retorts with calcined green vitriol, obtained from 
the drainage water of the mines of Fahlun, in Sweden. He 
thus obtained a body of which he sent a small sample to 
Richard Phillips, editor of the Annals of Philosophy, stating 
that it was a similar substance to the perchloride of carbon 
discovered by Faraday.* 

Faraday and Phillips investigated the compound more 
accurately, but, owing to the small quantity they possessed, 
they were unable to come to any satisfactory conclusion re- 
specting its composition. They noticed, however, that it 
possessed such peculiar properties that they came to the 
conclusion that it probably contained a new modification of 
carbon, or perhaps some analogous element.^ Julin gave them 
a larger quantity after his return from the Continent, and they 
then found that the body was a chloride of carbon, whose vapour 
on being passed through a red-hot tube, filled with small pieces 
of rock crystal, is decomposed into its elements. Analysis showed 
that the fonnula was €4012(0 = 6), but they gave the compound 
no name.^ Gmelin described it as dichloride of carbon ; ac- 
cording to him the carbon needed for its formation was probably 

' Jangfleisch ; Beilstein and Knrbatow. 

' Otto ; JuDgfleisch ; Beilstein and Knrbatow. 

' Beilstein and Knrbatow. 

* Jungfleisch ; Otto and Ostrop, Ann, Chan, PJuinn. cxli. 93 ; cliv. 182 ; 
Beilstein and Kuhlberg, ibid, clii. 247 ; Laden burg, ibid, clxxii. 344. 

• Ann, Phil. xvii. 216. • Ibid. 217. 
' PhiL Traru, 1821 892. 
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derived from the cast iron, and the chlorine from the crude salt- 
petre.' 

Begnault obtained this compound by passing the vapour <. 
clilorofurm, or of tetrachlorethylene, through a red-hot tube filla 
witli pieces of porcelain* and Baasett showed that it is her 
ehlorobenzene.* 

It is also formed when acetylene tetrachloride, C^HjCl^, is heated' 
for 100 hours to 360°,' as well as by the prolonged chloriaatios 
of methyl benzene and of dimethylbenzeue in presence of antimony- 
chloride.* It is likewise formed when several benzene derivatives 
are heated with iodine chloride to 350°. Several aromatic hydro* 
carbons, and oil of turpentine, C,oH,n, also yield it by exhaustive 
chlorination, together with tetraclitoromethaiie, or hexchloro- 
methane." 

If secondary hexyl iodide be heated with excess of iodiiH 
chloride for a long time to 24(1°, hexchlorobenzene, t(^ether witf 
teti-achlorometliane, is formed,^ 

Hexchlorobenzene is insoluble in cold, slightly soluble in ! 
alcohol, but readily in benzene. From a mixture of the two i| 
crystallizes in long thin prisms, and from carbon disutphide it 
rhombic prisma. It melts at 226°, and boils at 326°, and i 
not attacked either by boiling concentrated acids or by alkalis. 



BROMINE SUBSTITUTION PRODUCTS OF 
BENZENE. 

959 Bromine acts on benzene in a similar manner to chlorint 
but more slowly ; the presence of iodine quickens the reaction. 

Monol/romobeToette, C^HjBr, was first obtained by Couper by tl 
prolonged action of bromine on benzene in diffused daylight." 

Riche obtained it from phenol and phosphorus pentacldoridej 
and Griess by the decomposition of diazobenzene perbromide." 

It is proiluced when a mixture nf equal molecular weights i 
bmniine and benzene are allowed to act upon one another for 
week; the product is then washed with caustic potash, ao 

■ Giiielin. //anrJWt. i 



■ Joiim. Chem. Sat. taj. r. 443. 

* rtcrthelot uid JunonvtiKh, ibid. 8mii>l. vii. 2Sd, 

° Brilstpin and KuhllNirK, ibid. cL 309. 

' ItttolT, Ber. DtviMh. Chem. Oct. ix. 1483. 

' Krsfft, ibid. n. 108S. " Aa». 
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Ae UDaltered benzene, and a small quantity of dibromobenzene, 
LOved by distillation.' 

According to MJchaelis it is best prepared by heating 2,500 
of benzene, and 50 gmms of iodine, in a bolthead 

iiwcted with an inverted condenser, and gradually adding 

lOO grama of bromine. Aa soon as no further evolution of 
ibromic acid takes place on continued boiling, the excess 

benzene is distilled off, the residue washed with caustic soda, 
distilled in a current of steam. The dry distillate is finally 
led by fractionation.' 

MoDobromobcnzene is a liquid boiling from 1548° to loo'S", 
and haviug at 0° a specific gravity 151768.' 

On nitration it j-ields chiefly paranitrobroraobcnzene, together 
with n small quantity of orthonitrobromobenzene. If from three to 
four grams of bromobenzene be given to a large dog daily, several 
different bodies make their appearance in the urine ; amongst 
these are parabromophenylsulphuric acid, C^H^BrSOjH, and 
bromophenylmercapturic acid, C,jH[gBrNSOg. This latter sub- 
stance crystallizes from hot water in long needles, decomposing on 
boiling with caustic soda into parabroinothiophenol, C(,HjBrSH, 
Ammonia, acetic acid, and other bodies aa yet unexamined;* 
according to JaETe chlorobenzeue acts on the animal economy in 
a similar manner. 

}'aratli!iTOnid)enzene, CgH^Brj, was discovered by Couper.* It is 
produced wheu one part of benzene and eight parts of bromine 
(ue boiled for some days in an apparatus connected with an in- 
verted condenser ; the excess of bromine is removed by heating, 
the residue washed withcaustic soda, and cooled down, until para- 
dibroroobenzeue crystallizes out. This is purified by pressing out 
the mother liquor, and recrystallized from alcohol." It ia also 
formed by heating parabromophenot with phosphorus penta- 
bomide,' and from paradibroraaniline by the diazo-reaction.* 
■It crystallizes in monoclinic tables or prisms melting at 803'' 

id boiling at 210°. 

OTthodUrromtsbemenc, C^H^Brj, is formed in small quantities 
daring the preparation of the para-compound," but more 



I 



' Fittig, Ann. Chrm. Phana. f 

* Atltvwnr, Ser. Omtich. Chein. ( 

* Itktimann anil Prutusp. <bid. x 
' ^nii. ChaiH. Pharm. civ. M25. 

* Kiche uid B^niril, tAtrf. cxi 
' Uaycr, ibid. cnxxvU. 221. 



' Kiitig, ibid, dxxxi. 
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readily from orthobromaniline.' It is a light mobile liquid 
having at 0° a specific gravity 2003, boiling at 224°, and on 
cooling forming crystals melting at — 1*. 

Metadibromohenzene, CgH^Brg, was obtained by V. Meyer uid 
Stliber, by heating an alcoholic solution of metadibromaniline 
with ethyl nitrite.* 

CeH3.Br3.NH2 + C2H5.NO, = 
CgH^Brg + CgH^O + N^ + H^O. 

It has also been prepared from metabromaniline.^ It is a liquid 
boiling at 219"4°, not solidifying at —26°, and at 18*6° having a 
specific gravity of 1'955. 

Tribromobenzenes, CgHjBrg. 

Melting-point Boiling-point. 

* Symmetrical (1.3.5) needles 119-6'' 278' 

* Asymmetrical (1.2.4) needles 440** 275—276" 
« Adjacent (1.2.3) rhombic tables 87'4'' — 



Tetrabromobenzenes, CgHjBr^. 

7 Symmetrical (1.2.4.5) long needles 137—140° -■ 

8 Asymmetrical (1.3.4.5) fine needles 98*5° 329^ 
» Adja<;ent (1.2.3.4) small needles 160° — 



Pcntah^amobenzcne, CgHgBr, was obtained by Kekul(5, together 
with symmetrical tetrabromobenzene, by heating nitrobenzene 
with bromine to 250°. It is also formed together with tri- 
bromobenzenesulphonic acid, when symmetrical tribromobenzene 
is heated, for from eight to fourteen days, with fuming sulphuric 
acid to 100°.^^ It crystallizes in needles, melting at 260°. 

HcxbromdbenzeiiCf CgBr^, is formed by the action of bromine 
chloride on benzene, phenol, azobenzene, and toluene at a 
temperature of from 350° to 400°.^^ It is obtained from secondary 
hexyl iodide in this manner, together with carbon and tetra- 
bromomethane, at a temperature of 200°.*- 

* Ivoiiicr, Jahresh. 1875, 503. - Ann. Chem. Pharm, clxv. 161. 

^ Korner, Wurster, ibid, clxxvi. 170. 
■• Korner ; Meyer and Stiiber, loc. cit. 

^ Mit^jcherlich ; Meyer ; Korner ; Griess ; Wurster, Ber. Deulach. Chem. Ges, 
vi. 1490 ; Wroblewsky, ibid. vii. 1060. 
^ Korner. 

7 Riche and Berard ; Kekul^, Ann. Chem. Pharm. cxxxvii. 172. 

8 Korner, ibid. 218 ; Mayer, ibid. 227 ; Wurster and Nolting, Ber. Deutsch. 
Chem. Gcs. vii. 1564. 

» Halberstadt, ibid. xiv. 911. 
'* Biissman, Liebig's Ann. cxci. 208. 
»i Gessner, Ber. DciUsch, Chem. Oes. iw 1505. " Wahl, ibid. ix. 1506. 
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It is also obtained when symmetrical tribromobenzene is boiled 

niih sulphuric acid, by which no sulphonic acid is formed, but a 

portion of the tribromobenzene is decomposed with evolution of 

carbon dioxide.^ It is most easily obtained when a few milli- 

gr&ms of aluminium are added to bromine free from chlorine 

and cooled by ice, two-thirds of the calculated amount of 

benzene being gradually added. The reaction is completed in 

a day.2 

It is almost insoluble in hot alcohol, and crystallizes from 
toluene in long needles melting above 315°. 



IODINE SUBSTITUTION PRODUCTS OF 

BENZENE. 

gido Moniodobemene, CgHgl. — Scrugham obtained this substance 
by the action of iodine and phosphorus on phenol ,3 and Kekul^, 
by heating benzene with iodine, iodic acid and water from 200° 
to 240". The following reaction takes place. 

5C«H^ 4- HIO3 + 21.2 = oCgH^I -f- SH.O. 

At the same tinie a part of the iodic acid acts as an oxidizing 
agent, converting the benssene into water and carbon dioxide.* 
lodobenzene is also formed when sodium benzoate is treated 
with iodine chloride.^ 

C^H^.COjNa + ICl = CeHJ -f- NaCl + CO^. 

It is also formed, together with higher substitution products, 
by gradually adding iodine chloride to a mixture of aluminium 
chloride and benzene.® It is, however, best obtained by t\w. 
action of concentrated hydriodic acid on acid diazobenzeno 
sai|>hate.' 

It is a liquid which turns red on exposure to light, and boils 
at lOO"* — 190*5°. Sodium amalgam converts it, in an alcoholic 
solution, into benzene, while by heating with caustic potash it 
remains unctianged. 

Pawdi'iodchenzenc, C^H^L, is formed, with mon-i<Hlobeuzene, in 

^ Herzig, MonaUh. Chnn. ii. 192. 

* GosUTsoD, Beilstein's Organ. Chcm. 822. 

» Ann, Chnn. Phann. xcii. 318. * IbUl. cxxxvii. 162. 

* Schiitzenberjjcr, Jahrrab. 1862, 251. 

* Greene, CtrmpL IlcntL xc. 40. 

' GrieM*, Ann. Chein. Phann. cxxxvii. 76. 
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the pcDimration of the latter, according to tlie methods d 
Kekulii and Schiitzenbcrgei-. 

It is also easily obtained from para- iod aniline by the diazo) 
reaction. It crystallizes iu plates, melttug at 120'4°, and boiling 
at 285°.' 

Orlhodi-iodobejuene, CoH^Ij, was obtained by Komer from 
ortho-iod aniline ; it crystallizes easily, and boils at a higher 
temperature than its isomerides.^ 

Metadi-iodobenxene, CgHjIj, can be obtained by means of the 
dif^o-reaction from meta-iod aniline ^ and metadi-iodaniline.* It 
crystalhzes from a mixture of alcohol and ether in rhumbioi 
tables, melting at lOi'.and boiling at 2847°, 

Tri-iodoliemejie, G^H^l^. probably the asymmetrical tnodiiicai 
tion, was obtained by Kekul^ by heating benzene with iodii 
and iodic acid. It crystallizes in small needles which melt 
76°! and volatilize without decomposition. 



FLUORINE SUBSTITUTION PRODUCTS OF 
BENZENE. 

961 Moniifiudbeiizcne, C^H^F, has been obtained by means 
paramidobenzenesu I phonic acid, which is converted by thi 
diazo-rcaction into fluobcnzenesulphonic acid, a body not know] 
in the free state. 

Its potassium salt, when lieatetl with concentrated hydrochlori» 
acid in a sealed tube, yields fluobenzene, a liquid sraelling like 
benzene, and boiling at 85° to 86°.'' 



NITROSO-SUBSTITUTION PRODUCTS OF 
BENZENE. 

969 NUrosobcnzcTir, CflHjNO, has hitherto only been prepared J 
in solution. It Is obtained when a solution of nitrosyl bromide^ 
NOBr, or nitrosyl chloride, NOCl,in benzenc,is added to a solutioni 
of mercury phenyl. (CjHjljHg. The compound SnCl, + NOClfJ 

1 KeknU, ZeiUeh. Cheat. 1868, 688 ; Kilmer, Jnhreth. 1 
* Kiinier, ibtd. 8" ' 



' Kiimer ; Rudolph, hsr. Dcnttch, Chna. Oft. i 
* Pneraft nnd Oliveri. \hid. xia. M. lOB, 
' Pttcmfi nml Olivi'ri. ihui. »i. rcl. 10». 



Puch is easily obtained in laige yellow crystals by passiLg the 

s of aqua regia over stannic chloride, acts stil! better. On 

rtillatjon with steam a beaiitifiil green liquid is obtained, 

telling like mustard oil, which on treatment ydth tin and 

hydrochloric acid yields aniline.' 



» 



NITROSUBSTITUTION PRODUCTS OF 
BENZENE. 

963 AitroUmaie, C'^H^NO,, was first obtained by MitscherHch 
in 1834, by the action of fuming nitric acid on benzene and termed 
tiitritbenzide.* In order to prepare it in small quantities equal parts 
of fuming nitric acid and benzene are gradually mixed, the vessel 
being kept cool ; the mixture is then poured into water, and the 
heavy oil separating, washed first with water and then with 
caustic soda, after which it is distilled with steam. It is 
now prepared on the large scale, by a process which will be 
subsequently described. 

Nitrobenzene is a light-yellow, strongly refractive Htiuid, 
having at 0° a specific gravity, 1200. It has a peculiar smell, 
similar to that of oil of bitter almonds, at the same time 
reminding one of oil of cinnamon, and possesses a sweet and 
buroiug taste. It boils at 210°, and at a low temperature 
solidifies in large needles, melting at 3°. In water it is scarcely 
soluble, but it dissolves readily iu alcohol, ether, benzene, and 
concentrated nitric acid; and is itself an excellent solvent for 
many organic substances, which aie sparingly or not at alt 
.oluble in the ordinary solvents. 

"Nitrobenzene is poisonous, especially when the vapour la 
inhi led ; it produces a burning sensation in the mouth, nausea 
and ^ddiness, also cyanosis of the lips and face, and iu 
Wrious cases, which frequently end fatally, symptoms of a 
general depression, such as fright, coma, humming in the ears, 
convulsions, and pallor, are observed, the breath and vomited 
matter smelling of nitrobenzene.* When introduced into the 
aniuial organism, nitrobenzene is transformed into aniliiiii, whilst 
He homologucs. such aa paranitrotoluene, arc oxidized to acids. 
Mid are not poisonous.^ 

> B^jct. Ber. BeiUMh. Cktm. 0/3. vii. 11138. ' Pogg. Am. xxxi. 685. 

' GruitUiominr', Die Theafalriica lUt Ihrrcn Mcinfer Lneiun, inirf Jlr&tting in 
^fanil^rff unrf tceiaitr Bttithattij. 

' * "S, Str. JicuUeh. CAnn. Oct. vii. I0T3. 
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NitrobeiiKene was firet introduced into commerce by CoUh 
under the name of essence of mirban, or artificial bitter-almoM 
■lii ; and Mansfield, in 1874, patented a process for its preparatii 
from coal-tar. It ia now prepared on a very large scale u 
employed for a variety of purposes. 

Nitrobenzene is manufactured by allowing a well-coolM 
mixture of fuming nitric acid, free from chlorine, and concentr* 
ted sulphuric acid to flow into benzene, contained in cast-ii 
vessels provided with agitators (Fig. 10) ; the mixture must 
kept cool. Towards the end of the reaction, however. tb« 
temperature may rise to from 80° to 00°. When the reaction isj 
over the product is run into tanks ; the acid mixture separateM 
aa a layer at the bottom, whilst nitrol)enzene, being iDsoluUi 
in the acid, goes to the top. 

The acid layer is drawn off, and the nitric acid recov«i 
Crude nitrobenzene contains more or less benzene whicli 
escaped the reaction. To remove the latter, the crude product 
treated with ateani, when the benzene distils over with a 
quantity of nitrobenzene, and this mixture is used again foi 
the preparation of nitrobenzene. The residual nitrobenzene 
washed with caustic soda and water, and if necessary purified 
by distillation in high pressure steam. 

Nitrobenzene is empioyeil in perfumery, especially for seem 
toilet soaps, but is much more extensively used in the mani 
facture of pure aniline for the colours known as aniline blue 
aniline black, also in the manufacture of magenta by the re 
process, and for various other purposes tube hereafter meDtj<»iai 

The nitrobenzene prepared from pure benzene is used 
commerce under the name of light 7iiirobenzi:nc, 
fcr line or Uack. The heavy iiitrohnaenr, or vUrolienieiie for 
is obtained in a similar way from a mixture of toluene 
benzene, containing about 40 per cent, of the latter, and i 
used for the preparation of magenta by the older proc^se^ 
Finally, veri/ hravij ni/rolmx^ne consists principally of paraniti 
toluene and orlhanitrotolucnc, from which the pure eomjKiundl 
can be prepared by fractional distillation. This is likewise use ~ 
in the manufacture of colours. 

We may here remark that the above toohnical teniis are u< 
chosen with respect to the specific gravity of the differ^^'t ij,"^ 
ducts, since that of the pure nitrobenzene is greater tht ■sSt of 
its liomologuea.' 



DINITBOBEKZENES. 



164 IHnitTolitnzene, C,Hj(NOj)j, was ubtained by DeviUe by 
I benzeae with fumiug nitric acid for a long time, and was 
1 by him binitrobenzide or " nitrobenziti^se." ' It waa then 
: accurately investigated by Hofmaiin and Mnspratt, who 
tared it by dissolving benzene in a mixture of eqiial parts of 
; nitric anci sulphuric acids, and then heating for a few 
■8.' The product, however, contains in addition to meta- 
initrobenzene, orthodinitrobenzene. and a small <itiautity of 
paiad i n it robenzene. 




In order to prepare the crude product, benzene is run without 
iling into a mixture of concentrated nitric and sidphnric acida 
and theri boiled for a short time. It is j-iirilied hy washing with 

» ^im. •Aiim. Phyt. [31. iii. 187. 
* Aim. Chan. Fhami, Iiii. 214. 

■ nimio Mil Ziacke, Ber. UmiiwA. Chem. Oa. vii. 889. 1372 ; Kiirncr, fJaa. 
I. Vto/. ir. 806 : Alalract Jaiim. Chem. Soe. 1878. i. 204 ; .TahreA. 1S7B. 
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water, (iressiiig and trystaUizing from alcohol, when the meta- 
compound separates out first. After standmg for some time 
paradinitrobenzene crystallizes out from the mother liquor, and 
may be purified by recrystallizatiou from absolute alcoboL The 
first mother liquor of the para-compouud is freed from alcohol 
by distillation, when some of the meta-compound separates out; 
the orthodinitrobenzene is then deposited and may be purified 
by recrystallization from 25 per cent, acetic acid (Rinne and 
Zincke). 

Ort/wdinitrobemejie crystallizes from hot water or acetic add 
in needles, and from alcohol or chloroform in monoclinic tables," 
melting at 117'9°. On boiling with caustic Boda it is converted 
into orthouitrophenol, CflH,(NOj)OH, and on heating with 
alcoholic ammonia into ortlionitraniline,' CoHj(N02)NHj, whilst 
its isomerides are not affected by this reagent, 

Metadinilrobensene is best obtained, according to Beilstein and 
Kurbatow, by dissolving one volume of benzene in two volumes 
of nitric acid of sp, gr, 1-52, and finishing the reaction by 
heating. After cooling, 33 volumes of sulphuric acid are addiid. 
The whole is then boiled up, and after again cooling, precipitated 
with water. The washed precipitate is purified by reciystalliza- 
tioa from alcohol. It crystallizes in long needles or thin rhombic 
tables (Bodewig), melting at Sfl-O" (Komer). It is somewhat 
more readily soluble in alcohol than its isomerides ; nevertheless 
when these are present only in small quantity it separates out 
first. It ia used in the colour industry, and is prepared on the 
lai^ scale, in the apparatus used for the preparation of nitro- 
benzene ; the usual method is to run a mixture of 100 kilos of 
nitric acid ofsp.gr. l'38,and loC kilos of concentrated sulphuric 
acid into 100 kilos of benzene. After the completion of the 
reaction the acids separate out, and can be again used for another 
quantity of benzene. It is now gently warmed for some time, 
and the product separated in the, hquid state. It is then 
repeatedly washed with hot and cold water, and is not generally 
further purified. 

It dissolves in alcohol, and on addition of a few drops of caustic 
potash to this solution, gives a magenta colouration, caused by 
8ome adhering dinitrothiophen. This reaction is given by all 
nitrobenzene prepared from benzene containing thiopli 

' Bodewig, Pogg. Ann. cIviiL 239. 

' Idnbcntieimei, Ber, Dnitxeh. Chmit. On. it. 1828; li. 11 

• -v. Meyet ud Sudlur, Bvr. Z)cirf»cA. CKrm. 0«. nvii. 277 
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Paradiniirohenzene forms monoclinic needles melting at 171'' — 
I7r and subliming readily. 

965 Symmetrical THnitrohenzene, CQH..J^l!iO^^(2 : 4 : 6), is 

obtained by heating two parts of metadinitrobenzene with six 

parts of the most concentrated nitric acid, and fifteen pai-ts of 

pjrosulphnric acid to 80** — 120^ It crystallizes from hot alcohol 

in white silky plates, or fern-like needles; when the cold 

saturated solution is allowed to evaporate slowly, small rhombic 

tables are obtained, melting at 121° — 122"*.^ 

When oxidized with potassium ferricyanide in a weak alkaline 
solution, it is converted into picric acid or symmetrical trinitro- 
phenol, CgHgCN 02)303;, which, as will be shown later, has the 
following constitution : 

OH 

no/\no, 

NO, 

Trinitrobenzene forms with benzene the compound CgH3(N0.2)3 + 
C^H^ crystallizing in hard shining prisms, quickly decomposing 
on exposure to the air. With other hydrocarbons it forms 
analogous compounds.^ 

Chloronilrobenzenes, CgH^ClNO,. 

Melting-point Boiling-point. 

Ortho (») needles 32-5° 243° 

Meta (*) rhombic crystals . . 444° 235 6° 

Para («) rhombic plates ... 83° 242° 



BromnitrdbcnzeneSy CgH^Br.NOg. 

Molting-]ioint. Boiling-point. 

Ortho («) lance-like crystals . . 431° 261° 

Meta (7) light yellow plates . 66-4° 256o° 

Para (») needles 126—127° 255—256° 

* Hepp, Licbig's Ann. ccxv. 344. ' Ibid. ccxv. 375. 

' Engelhardt and Latschinow, Zcitsch. Chem, 1870, 229 ; Bcilstcin and Kur- 
batow, Ann, Chcm. Pharm, clxxxii. 107. 

* Ibid. 102 ; Griess, Jahresb. 1866, 457 ; Laubcnheimcr, Ber. DctUseh. Chem. 
Gt9. viL 1765 ; viii. 1622 ; ix. 764. 

* Riche, Ann. Chnn. Pharm. cxxi. 857 ; Sokolow, Zeilsch. Chem. 1866, 621 ; 
Beilstein and Kurliatow, loc. cit. 105. 

* Hiihner and Alsberg, Ann. Chem. Phann. clvi. 316 ; Walker and Zincke, 
Ber. Deutach. Chcm. Ocs. v. 114 ; Fittig and Mayer, ibid. vii. 1179 ; Komer, 
JaJiresb. 1875, 802. 

' Griess, ibid. 1863, 423 ; Wurster and Grubcnmann, Brr. DciUsch. Chrtii. Ocs. 
vii. 416 ; -Komer, loc. cit. ; Fittig and Mayer, Ber. Deutsch. Chcm. Oes. viii. 364. 

' Couper, Ann. Chem. Phann. civ. 225 ; Griess, loc. cit. ; Hiibner and Alsbcrg. 
loe, cU. ; Korner, loc. eU. 
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intr i.ci[sftskiL «f these compouDds it may 
~*r ihsz a»:s>:c c4 ocfkceiitimied nitric acid 

m 

.r.h^.^LZhfiK: iJii£ rr:er:0£&KXbc, the paia-oompomid is ob- 
z.'^rJitzT Trrri. scmZ '^^uktnks of the oith(MX»inpoiiiid. 
llT'ii»:Ll-.r.cr:r.c«zi:zhL.*7. :ct ti»e odber hand, is formed when 
iiirr.<>r£-z>rLfr. rt -r r^f^ ^ r >.«iir.-r •:■€ antzmooT chloride, is treated 
w:rL -Ll^cinfr. TLrT'.Tfcr^ aj5*> be •I'btaiDed firom the nitiophenols 
by r^iA^:zi::z tL-r Lt'It/itI bv oLl-.-tine or bvauDe, and, in a similar 
wav. 67^01 thfr r:itrir.-.'r.*r5 bv tl»e dia»> reaction. 

By L-raninii th-r •5irtL':-*^.Qij:<<iijd5 with caustic soda, the halogen 
is r.-i/i v>:«i by Lyir.xy:. iijl -irvb-'.-nitrophenol is obtained, whereas 
bv K-.-utiii:/ wi:L alo-LvIic :iiiiiiit:»nia. ctithonitranillne is formed. 
TTi<^ |xini-<:»^mp:'aii«i i-? aotol i:f«>n by the above reagents in an 
exactly similar manner, but i»-ith greater difficolty, the meta- 
o^mpjunils not being attacked by them '95i\ 



BENZENE SULPHONIC ACIDS. 

966 Monobenzetifsuiphonic acidy C^Hj.SO^OH. Mitscherlich 
cjbtaine^l this compound by the action of fuming sulphuric acid on 
iK'nzene, and called it benzinsulphuric acid. He states that, like 
Fara^lay, ho did not succeed when ordinar}- strong sulphuric acid * 
was used ; but Freund has shown that on long standing in the 
cold it may thus be obtained.* It is more quickly prepared by 
heating benzene with sulphuric acid.* For this purpose a mixture 
of equal volumes of sulphuric acid and benzene are allowed to 

* KiinuT, Jahresb. 1875. 302. » Griofw, ZeiUrX Ch(m. 1866, 218 ; Komer. 
■ KiikuW, ^7171. Chem, Pharm. cxxxvii. 168 ; Griess. 

* Pogif. Ann. xxxi. 283 and 634. 

* Ann. Chrm. Pharm. cxx. 76. • Stcnhouse, Proe. JRoy. Soc. xiv. 851. 
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boil gently for from twenty to thirty hours in a flask counectetl 
with an inverted condenser, when about 08 of the benzene 
passes into solution. Further heating does not increase the 
yield.^ From the solution tlius obtained the barium, lead, or 
calcium salt is prepared and other benzenesulphonates or the 
free acid obtained. 

Monobenzenesulphonic acid crystalUzes in small four-sided 
tables, which deliquesce in damp air, and when dried over 
sulpliaric acid contain two molecules of water of crystallization.*^ 
When its aqueous solution is distilled water passes over first, 
and then decomposition sets in with formation of benzene, 
phenyl sulphone, {Gfi^SO^, sulphur dioxide, and carbonization 
of the residue (Freund). 

Barium benzenesuiphonate, (CgH5.S03)2Ba -f HgO, crystalUzes in 
pearly tablets which are slightly soluble in alcohol. 

Copper benzenesidpJionate, (CgH5.S03)2Cu -f GHgO, forms large 
Ught blue tables. 

£thyl henzenemlphoiiate, CgHg.SOg.CgHg, is formed by the 
action of benzenesulphonyl chloride on sodium ethylate, and is a 
peculiarly smelling, oily liquid, which on boiling with water 
decomposes into alcohol and benzenesulphonic acid.^ 

BemenestcIpJumic chloride, CgHg.SOgCl, is formed by the action 
of phosphorus pentachloride on benzenesulphonate,* and is an 
oily liquid, which, on standing for a long time at 0°, solidities to 
large rhombic crystals.^ It is insoluble in water and is scarcely 
affected by it. 

Under diminished pressure it can be distilled without decom- 
position ; at the ordinary pressure it boils, undergoing considerable 
<lecomposition, at 246°— 247° (Otto). 

Bcnzencsulp}umamide,GQii^.S02.T^K2y ^^^ obtained by Chancel 
and Gerhardt by trituration of the chloride with ammonium 
carbonate.^ It is also easily obtained by treating the chloride 
with alcohohc ammonia. It is readily soluble in alcohol, sHghtly 
in water, and crystallizes from the latter in thin rhombic 
prisms, melting at 149° (Otto) ; with an ammoniacal solution of 
silver it forms the compound CeHg-SOg-NHAg— a crystalline 
precipitate (Gerhardt and Chiozza). 

' Michael and Adair, Bcr, Deutsch. Chem. Ges, x. 585 

* Hubner, Lubig's Ann, ccxxiii. 235. 

' Schiller and Otto, Ber, Deutsch. Chcm. Gcs. ix. 1638; Hubner, loc. cit. 

* Gerhardt and Chiozza, Ann. Cfiem. Pharm. Ixxxvii. 299. 
» Otto, ibid, cxlv. 321. 

* Ibid, Ixxxvii. 296 ; Jahrcshcr. 1852, 434. 
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967 Benzene(iisidj>konicacids,C^H^ifiOfi)i. By heating bena^ 
nitri! with fuming sulphuric acid, Euckton and Htifmiuiu obtained 
an nciil of this composition ' consisting chiefly of the para-CfHD- 
pound.* It is also formed aa chief product when the vapour 
benzene, heated to 240°, is passed into sulphuric acid.' If beozen^ 
on tlie other hand, be heated witli fuming sulphuric acid, the 
uieta-acid is chiefly formed, and this on beating more strongly 
is partly converted into the para -com pound. Tlie isomeridt 
can be separated by converting the mixture into the potassim 
salt, separating the crystals mechanically and purifying by 
recrystallizati on .* 

Sensrnfpareulieu/phonic add is a very hygroscopic ciystalline 
mass. MoUiuginiiit. 

CflH,(S0,K)2 + H„0 small thin plates — 

CoH,(SOjCl)i, long needles 131° 

CaHJSOjNHi^j — 288° 

By heating the potassium salt with pota.ssium cyanide, the 
nitrile of terephthalic acid, CgH^CCO,!!), which is a para- 
compound, ia fonned ; whilst by fusing the salt witli caustJa 
potash an intramolecular change takes place and metiidihydroxy- 
benzene or resorcinol. C9H,(0H)j. is formed. 

BemericmetadisiUphonv: and is formed almost exclusively when 
benzene is dissolved in an equal volume of fuming sulpbi 
acid, another volume of the latter addetl, and the liquid strongly 
heated in a retort with an upright neck for two to three hours; 
till the vessel is filled with white vapours.' The free acid is a veiy 
deliquescent crystalline mass containing 2J molecules of water. 

Mvlting- point. 
(") C^Hj(SOgK)j + U HjO needle-shaped oblique prisms — 

CgHj(SOjCl)j large prisms 63' 

CaH,(SOj.NHj)^ needles 229" 

Bttisfne-orthMliaulpIumie acid is obtained from the corresponding, 

nniidobenzenedisulphonlc acid by the diazo-reaction. Its potaa- 

aium salt is reatlily sohiblo in water and crystallizes tolerably well' 

Melting -pointi 

CoH.CSOjCl), large l-sided tables 105° 

C„H,{SO^NHg), needles 233° 

1 An*. Chfm. Phann. c, 157. 

» (Vnmiilc, Zeilaehr. Ouna. I86fi, 650 : Fillig, Ann. Chem. Phana. olxxiv. IM. 

* ErH, Btr. DeiOaek. Chma. (?«. viii. 817. 

* Ibirth Biid SonTiofcr, ibid, viii. H7S 1 Kunior >iiil Monaolbo, Oiid. 
° Mvlnwlmnnn, ^mh. Chem. Pkarm. i:\xxx\\M. 197. 

* Itoiuliv, iftuJ. M'iH, Sfl. ' Divbos, Bur. tkul^h. Cheia. Orit. 
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Bemeneiriatilphanic acid, CgH3(S03H)3 + SH^O, is formed by 
heating benzene with sulphuric acid and phosphorus pentoxide for 
•ome hours to 280** — 290^ The free acid crystallizes in flat, very 
bygroscopic needles. The potassium salt, CgH3(S03K)3 + SHgO, 
forms oblique prisms.^ 

DiphenylsiUphone, (0^115)2802, was obtained by Mitscherlich, 
together with benzenesulphonic acid, by the action of fuming 
sulphuric acid, or sulphur trioxide, on benzene, and termed by 
him sulphobenzide.^ Subsequently Stenhouse obtained it by 
oxidizing diphenyl sulphide, (0^115)28, and gave to it the name 
of sulphobenzolene ; ^ Kekul6 and Szuch then showed that this 
body is identical with sulphobenzide.* It is also formed in 
small quantities by the dry distillation of ammonium benzene- 
sulphonate ^ and in larger quantities by the action of sulphuryl 
chloride, SO^Olj, on benzene.® It is insoluble in cold water, and 
soluble only with difficulty in hot, and crystallizes from benzene 
in large prisms melting at 128** — 129° and sublimes easily. It is 
attacked by aqueous or alcoholic solutions of the alkaUs even in 
the cold, and concentrated sulphuric acid dissolves it without 
decomposition ; on heating it forms benzenesulphonic acid. 

Benzenesulphinic acid, O^H^SOgH. — By the action of zinc ethyl 
on benzenesulphonyl chloride, Kalle expected to form the com- 
pound, OgHj-SOjOjHg, but instead of this he obtained the zinc 
salt of the above acid, which he called benzylsulphurous acid.^ 

2CeH5.S0201 + (02H5)2Zn = (CeH5.S02)2Zn + 2O2H5OI. 

It is also formed by the direct combination of sulphur dioxide 
and benzene in the presence of aluminium chloride.® 

It is more easily obtained by gradually adding zinc-dust to a 
well-cooled alcoholic solution of benzenesulphonic chloride, and 
then washing out the alcohol and zinc chloride from the thick 
mass with cold water. The zinc salt is almost insoluble in cold 
water, and is converted into the sodium salt by the addition of 
carbonate of soda, the benzenesulphinic acid being precipitated 
from the concentrated solution by the addition of hydrochloric 
acid.* 

It is soluble with difficulty in cold water and crystallizes from 
hot water in stellated prisms, which melt at G8° — 69° and are 

1 Senhofer, Ann, Ckenu Pharm, clxxiv. 243. 

' Pogg, Ann, xxxi. 625. ^ Roy. Soc. Proc. 1865, xiv. 354. 

* ZeiUehr. 1867, 198 and 800. *> Freund, ibid. cxz. 81. 

* Knapp, ibid, 1869, 41. ' Ann, Chem, Phann. cxiz. 153. 

* Friedel and Crafts, Jahresb, 1878, 739. 

' Otto, Ber, Deulkh, Chem, Ges. ix. 1584. 
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readily aoluble in alcohol and ether. OxidiziDg agents easily 
convert it into benzenesul phonic acid, even the oxygen of tha 
air gradually transforming it. Phoaphonis pentachloride convertp 
it into benzenesul phonic chloride. 

CaHs.SOjH + PClj = CflH5.S0BCl + HCl + PCI, 
By fusing with caustic potash it is decomposed, formii^ 
benscne and potassium sulphite 

NitrOimmusulphonic Adds, CaH,.(N0s).S03H. 

g6S An acid of this composition was first obtained by Laurent 
by treating benzenesulphonic acid with nitric acid,^ and Schmitt 
showed that it is also obtained * by wanning nitrobenzene with 
fuming sulphuric acid. This wassupposed to be a single definita 
compound until Limpricht pointed out that, while the chii 
product iu both eases is the meta-acid, the other two isomerideB 
are formed at the same time. These may be roughly separ- 
ated by meaus of their barium salts, but the separation is only 
rendered complete by conversion into the amides, which are 
decomposed by heating with hydrochloric acid to 150°.' 

According to Limpricht these compounds are prepared by 
mixing 200 grms. of benzene with 300 grms. of fuming sut 
phuric acid, removing the undissolved benzene aft«r two 1 
three hours, and adding to the solution nitric acid, of aboi 
sp. gr. 1*5, drop by drop till the action ceases; water is th( 
added and the Uquid poured off from the dinitrobenzene forme 
at the same time. The solution is neutrahzed with milk < 
lime, and concentrated, when the calcium salt of the meta-aci 
crystallizes out first. This is decomposed with potassium ca 
bonate and the dry potassium salt ground up with phospboni^ 
pentachloride ; the pi-oduct is washed with water, which scaxceli 
attacks the nitrobenzenesulphonic chloride ; it is then dissolvei 
in ether and dried over calcium chloride. On evaporation ttu 
chloride crystallizes out in large, shining prisms. By treating 
these with strong ammonia the amide is obtained and this il 
purified by recrystallization. 

The last crystallizations of the calcium salt are worked up il 
the same way, but the mixed chlorides are at once conv^lai 
into the amido-com pounds which are separated by freqaenj 
recrystallizations from hot water — ^the ortho-acid being the lea 

' JaJtTtab. 1860, 418. > ^im, Ckt,A. Pliarm. oix. 113. 
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soluble, the para-acid the most, and the solubility of the meta-acid 
lying between that of the other two. 

Of the free acids metanitrobenzenesulphonic acid is the only 
one which has been prepared pure ; it crystallizes in large, flat, 
deliquescent tables, and it is not attacked when boiled with 
laming nitric acid. 

The properties of the chlorides and amides are given in the 
following table : 

Nitrobenzenesulphonyl chlorides, CgH^(N02)S02.C 

Melting'poiut. 

Ortho. white prisms 67° 

Meta. 4-sided prisms .... GO'S* 
Para. red oil — 

IfitrobenzenesulphonamidcSy CgH^(N02)S02.NH2. 

Ortho. fine needles 186* 

Meta. needles or prisms . . . IQV 
Para. fine needles 131* 



lO 
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HYDROXYBENZENES AND ALLIED BODIES. 

969 Phenol, C^HgOH. — This compound was discovered by 
Runge in 1834 in coal-tar, and called by him " Kohlenolsaure " or 
carbolic acid.* Laurent obtained it pure in 1841 and determined 
its composition ; he gave it the name of phenylhydrate (hydrate 
de ph&yle) or phenic acid (acide ph^nique),^ from <f}aip€cp, to 
emit light, probably because it was found as a by-product in the 
oils from the manufacture of illuminating gas. Gerhardt named 
it phenol in order to mark the fact that this body is a kind of 
alcohol, whence it has also been termed phenyl alcohol. Phenol 
was for a long time confounded with creosote, discovered by 
Reichenbach in 1832, although Runge had already pointed out 
that phenol is distinguished from wood creosote by having an 
acid reaction and by the fact that, if used instead of creosote 
for the preservation of meat, it imparts to it a strong and very 
unpleasant taste. Later investigations have proved that wood 
creoflote is a mixture of difierent compounds and only contains 
very small quantities of phenol. This latter is a product of the 
diy distillation of many organic bodies, being found in largest 

' Po^. Ann. xxji. 65; xxxil 308. « Ar\i\, CKhn. Phv»- V^AA'^^- 
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quaotities ia the tar obtained by the dry distillation of 
lignite, and peat. 

Wohlcr found it in small f|uantitie3 in castoreiim.' a suly 
stance secreted by the preputial glands in the beaver, and Stadia 
has indicated its presence in the urine of man, the horse, and 
cow.* It occurs in urine as the potassium salt of tbe m 
plienyl-Bulpbuiic acid,* and for this reason it can only be del 
by distillation with hydrochloric acid.* Healthy urine from 
mixed diet contains 0004 grra. of phenol per litre,* but undt 
pathological conditions it may rise as high as ToSTo gnaj 
(Salkowski). Phenol is also formed when albuminoid bodies are' 
allowed to putrify in presence of some water and pancreas,* 
and hence it is found in small quantities in excrements.' 

According to Griffiths it also occcurs in the trunk, leaves, and 
sap of the Scotch fir (Pinus sylvestria).* 

When benzene and water are shaken up in the air with 
palladium hydride (Vol. II. Part II. p. 425), a little phenol, 
together with other products, is formed.' It is obtained in 
larger quantities, together with oxalic acid, when water is poTired 
on to phosphorus, some benzene abided, and the whole exposed 
to the action of sunlight. In both cases the oxidation is 
effected by hydrogen dioxide, which also oxidizes benzene 
directly.'" 

C„H„ + HO.OH = CjHj.OH + HOH. 

Phenol is also readily formed when oxygen is passed into t 
agitated mixture of benzene and aluminium chloride.*' 

Hoftnann '* and Hunt '* obtained it from aniline by treating a 
hydrochloric acid solution with silver nitrite, when diaJKH 
benzene chloride, which had been previously obtained by Grieo^ 
is first formed. 

Wurtz '* and Kekul^ '* found that phenol may be easily 
obtained by fusing benzenesulphnnic acid with caustic potashj 
caustic soda gives a smaller yield than potash, and the 



' ..^lui. CAeBi. Fharm. bivii. 360. ' IbiJ, lixvii. 18. 

• BBnmaDn, Svr. Deulieh. Cheat. Oa. ii. S5. 

• SslkoHski, ibid. ix. 159e. ' Miink, aid. I5n6. 

■ Rsumann, ibid. x. 985 ; Odcnn»tt, Joum. Prait. t'hma. [2], xviil S 
' Priegor, ^4. [2], xvii, 183. ■ Ckem. A'em. 

■ Hnppe-Sfyler, Ber. tkMteh. Clum. 'la. xii. IJSl. 
" Loeila, iitrl. xir. 676, 

" Friedol ■nil Cnifls, Bull. Soe. Chim. xxii. 483. 

" Jhh. CJmi, Fham. Ixiv. 858. " Silliman, Aincric. Jnurn. ] 

" Ann. ChfW. Fhann. «iliv. 121. " Uhrh. fry. Chem. iii. 
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.re six molecules of the latter to oae molecule 
slum benzciiesulphouate. The excess of alkali assists the 

1 by dilution prevents the overheating of the raelt.^ 
elot obtained phenol from acetylene by dissolving in 
; sulphuric acid and fusing the product with caustic 
It is also formed in smaller quantities, together witU 
1 ether (Vol III. Part II. p. 351). and other products, 
I glycerin is distilled with o^lcium chloride.' 
lenol was first prepared about forty years ago in lai^r 
* from coal-tar by Sell* in Offenbach, and Bronner 
I Frankfort* Its manufacture in large quantities was com- 
menced in England in 1861, by Messrs. Grace Calvert and 
Charles Lowe, at Bradfoi-d, near Manchester. The latter dis- 
covered ill 1802 that phenol forms a hydrate with water wliich 
crystallizes at a low temperature, a property which is not possessed 
by its bomolt^es. This hydrate splits up on distillation into 
water and pure phenol, and the latter compound was thus 
first brought into commerce by Messrs. Charles Lowe and Co., 
Lowe's carbolic acid melting at a higher temperature and 
boiling at a lower temperature than the ordinary commercial 
product. At present pure phenol is prepared by many firms. 

It was formerly obtained by distilling the portions of tar boiling 
between 150° — 250°. but it is now prepared from the portion 
boiling between 150°^ 200°, or the so-called middle oil, wliich, 
(ifter the larger quantity of the naphthalene contained in the oil 
has crystallized out, is treated with caustic soda, of sp. gr. JSi, 
and the mixture well worked in a cylinder by means of an 
Agitator. After standing for some time, the lower layer is drawn 
off from the upper, which consists of hydrocarbons, diluted with 
water and allowed to stand in contact with air, when naphtha- 
lene and tarry products separate. The aqueous solution is 
fractionally precipitated by dilute sulphuric acid, tarry matters 
separating out first, then the homologues of phenol, and, lastly, 
phenol itself 

In other works the decomposition is completed in one 
operation and tlie tar-acids separated by distillation, the portion 
boiling between 175° to 200° being collected separately na the 



eii«r, Jtnim, Pralct. Chem. [2J, ivii, 3S4. 

\pt. Rend. Ixviti. 589. 

L Chtrm. Pharm. Bttppl. yiii. !6i. 
..mum, iteport London ExhibttiiM, 1862. 

. Btnnner proparwi "crooaote as cle«r w Bfnl*r," which wis rrp'ini'nily 
H, beoiiiK! it i-rystiilli»ed in winter. Lunge, JMrf. Caal.Tar, Ac 



cnide carbolic acid of commerce. By repeated frsctional 
tillation, and by cooling the portions boiling between 180° to 190^, 
crystalline phenol is obtained, which, however, still contaiot 
more or less paracreaol. In order to prepare chemically pore 
phenol, either Coupicr'a apparatus is employed, or the abov»r 
mentioned hydrate is decomposed by distillation. 

Phenol crystallizes in long rhombic needles melting at 4Sr 
and boiling at 182° (Lowe). Its melting-point is lowered by ths 
admixture of even insignificant quantities of its bomologueoi 
as well as of naphthalene and water. A few drops of the lattar 
suffice to liquefy a large quantity of phenol. The abovS' 
mentioned hydrate, 2C„HpO + H^O, solidifies on cooling to^ 
crystals melting at 17° (Lowe). The specific gravity of liquid 
phenol at 46' is r0560, and at 5C° is 1-0469.1 

970 Phenol combines with liquid carbon dioxide to form 
crystalline compound,^ which ia also obtained when sattcyUc acidt 
or the isomeric para-oxy ben zoic acid, is heated for two hours 
250° to 260° in a closed tube, when this acid decomposes easi^ 
into phenol and carbon dioxide. On cooling, the compouod 
separates out as a crystalline mass, similar to the pyramid 
form of common salt, and melting at 37*. The compound : 
of course, only stable under pressure.' 

Phenol also forms with sulphur dioxide a compound whi« 
crystallizes in yellow, rhombic tables melting at 25° to 30° &aX 
distilling at 140° in a stream of sulphur dioxide. On esposuitt 
to air it quickly gives off sulphur dioxide. Its composition i| 
probably SO, 4- iC^Rfi.* 

Phenol possesses a peculiar smell and has a burning, causUi 
taste ; it is soluble at the ordinary temperature in fifteen paitt 
of water ; its solubility increases with increase of temperature 
BO that at 84° both liquids may be mixed in all proportions.^ 
It is readily soluble in the fatty oils and glycerol, and dissolvea 
in alcohol and ether in every proportion. 

Pure phenol remains colourless on exposure to light and a 
hut if it contains a trace of impurity it is quickly coloured r 
or brown, and deliquesces in moist air. 

It acts on the skin as a powerful caustic ; it coagnlBl 
albimien and precipitates solutions of gelatine. Taken internal^ 

' I^ilmiburs, Sfr. D'lilKh. Ctu-m. Oa. y\\. 1887. 

' Bnrth, WUri. Akad. Srr. Iviii. 2. 18. 

• Klepl, Journ. Frail. Chtm. [21 xxv. 4M. 
^m * Holwr, tad. XXV. 403. 

^K * A1«l^e*> S**"- litvlKh. CHuni. Bts. !i. laio. 
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s a violent poison ; a. fow drops kill a dog, and plants expire 
a diluLc aqueous solution (Frerichs and Wohler). In cases of 
I by carbolic acid, which not unfrequently occur, Crace 
alvert recommends olive or almond oil as an antidote; 
Saseniana advises the use of sucrate of lime prepared by 
idding five parte of slaked lime to sixteen parts of sugar in 
_|brty parte of water ; after digesting for three days it is filtered, 
the solution evaporated, and the residue dried at 100°.' 

Wlieu the vapour of phenol is passed over red hot zinc dust 
it is reduced to benzene:' In this way all phenols and various 
other oxidized aromatic compounds can be converted into the 
corresponding hydrocarbons. This reaction, discovered by Baeyer, 
ift of great interest, as it led to the discovery of artificial alizarin. 
[_ the colouring matter of madder. When phenol is merely passed 
Tiugh a red-hot tube it forms Ijenzene, toluene, CjHg, xylene, 
KCgH^. naphthalene, C,oHg, anthracene, Ci^Hn,, and a small 
■guaatity of phenanthrene, C^^il^g.' 

Seadions of .Phenol.— \t haisbeen remarked in the introduction 
lat most of the phenols give characteristic colours with a solu- 
tion of ferric chloride, this property having been first noticed in 
phenol jvir excellence by Runge, who obtained a violet colouration 
with ferric salts. This reaction is, however, not a delicate one, 
[land does not occur in presence of alcohol.' By adding some 
tDonia, and then a solution of bleaching powder to an aqueous 
lolution of phenol a blue colouration is obtained.* Millon's re- 
jent (a solution of mercuric nitrate containing nitrous acid) 
■igivea on boiling with a phenol solution a yellow precipitate, 
which dissolves in nitric acid, yielding a deep red coloured 
[•olution. By this reaction, TntruTscrK ^^ phenol can be detected. 
talicjlic acid likewise gives tliis reaction and the presence of 
^]>heDol must therefore be confirmed by adding to the solution 
' ftinmonia and sodium hypochlorite. When the solution contains 
not less than xovini t>f phenol, the blue colour is obtained after 
standing for twenty-four hours." 

I By dissolving G per cent, of potassium nitrite in strong sul- 
phuric acid and adding phenol, the liquid is coloured brown, then 
p«en, and afterwards blue.' The colouring matters here formed 
' Solinllz, SteinkohUnlhter, H6. ' An*. 

* Kmanrs, ibid, clxxxix. 12D. 
* HotM, Ziebiri't Ann. ctiizii. 161. 
* Bcrthelot, Kip. dim. Appl. i. 3S4 ; Lex, Bcr. 
tboSftlkowtki, Fntenivt' Zeittehr. xi. 310. 
*Aln^n, P/utrm. Joun. Tram. [S], vii. 813. 
' LifbemiBiin, Ber. DenUeh. Chifin. Qe». vii. 947. 
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will be subsequently described. On adding bromine water to 
aqueous solution of phenol a yellowish white precipitate of tri— 
bromophenol is obtained, which disappears until an excess of 
bromine has been added. If the solution contains 1 part of 
phenol to 50,000 to GO.OOO parts of water, a crystalline precipitate 
separates out in a few hours. Aniline, and some other bodies 
give similar precipitates, but these may be easily distinguished 
from tribromopbenol by bringing some of the washed precipitate 
into a teat tube with some water and sodium amalgam, shaking 
and warming the mixture. The liquid is then poured into a 
basin and dilute sulphuric acid added, when the cliaracteristie 
smell of free phenol is noticed, and, if the quantity is not too 
small, it separates out in oily drops.' 

The easy transformation of phenol into tribromopbenol can be 
used for the quantitative estimation of phenol by determining 
the weight of the tribrotnopheuol (Landolt). It ia, however, 
simpler to add to the phenol solution a normal solution of 
bromine in caustic soda, and hydrochloric acid, and titral 
the excess of bromine with potassium iodide and sodiuBfl 
thiosulphate.* 

Uses of Phenol. — This body, commonly known as carbolic acii 
is used in the pure state, mixed with water, glycerol, or olive oil, 
as a powerful antiseptic in medicine and surgery, its dilute 
aqueous solution being employed as a spray in surgical operatioi 
(Lister's dressing). It is also used for destroying parasitic onii 
other organisms infesting both animals and plants. Its aqueoiu 
solution is also employed in a more or less pure state for impreg- 
nating or creosotiug wood, &c. For the latter purpose the crude 
carbolic acid which contains cresol can be used in many casea, 
or cresol alone may be employed. For certain purposes it 
desirable to have the antiseptic in a sohd form, and phenol 
then mixed with such substances as marl, clay, chalk, infusoriAt 
earth, saw-dust, &c. McDougall's disinfecting powder is 
mixture of calcium phenate and magnesium sulphite. 

A considerable quantity of phenol is now used for the mana- 
facture of salicylic acid, and of various colouring matters, such u 
picric acid, aurin, azo-colours, &c. 

971 J'iunaUs.—TUeae bodies, which are also called carbolatea, 
were first prepared by Runge and Laurent. 

I Landolt, Ber. DnUjeli. Ckem. Grs. it, 770. 

• Kappcwhar, FrtKTouJ Zeitsn-hr. xv. 233; bmi hIko Degi'ner. J««m. T 
CTcti. [2]. ivii. 390; Chandflon, B<iM. So-: Chim. »vxviii. 69. 
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Potassium pJienate, or phenol potassium, CgHgOK, is obtained by 
wanning equal equivalents of phenol and caustic potash, or by 
dissolving potassium in phenoL In order to prepare the pure 
compound, phenol is gradually heated with the requisite quantity 
of the metal in an atmosphere of hydrogen. As soon as this is 
completely dissolved, the solution is cooled, when a radiating, 
aystalline mass is obtained, containing cavities in which well- 
developed needles have been formed.^ The salt is extremely 
hygroscopic. It was formerly supposed that phenol does not 
decompose potassium carbonate, inasmuch as an alkaline phenate 
rapdly absorbs carbon dioxide (Runge). But Baumann has 
shown that the crystalline phenate can be obtained by boiling 
phenol with a solution of potassium carbonate.* 

Sodium phenate, CgH^ONa, is prepared in a similar way to 
the potassiimi compound. It is obtained in large quantities by 
dissolving the calculated quantity of phenol in strong caustic 
soda, an excess of phenol being avoided, as, otherwise, a dark- 
coloured product is obtained. On evaporating the solution to 
dryness, and continually stirring the heated residue, the whole 
falls to a dry powder. Sodium phenate is very hygroscopic, and 
must, therefore, be placed while hot in an air-tight vessel.* It is 
employed in the manufacture of salicylic acid. 

The phenates of calcium, barium, lead (Runge, Laurent), 
thallium,^ and aluminium,^ have likewise been prepared. 



PHENYL ETHERS. 

972 Phenyl oodde, or diphenyl ether, {C^^)jd, was first ob- 
tained by Limpricht and List, in small quantities, together with 
other products, by the dry distillation of copper benzoate. It is 
prepared by warming a solution of diazobenzene sulphate with 
phenol : • 



C,H 



5.NyS0,H + CoHj j Q ^ CeHj J q ^ g^^jj^ _j_ ^^_ 



' Hartmann, Jonm. Prakt. Chem. [2], xvi. 36. 

• Ber, Ikutaeh. Chem. Oes. x. 686. 

» H. Kolbe, Joum, Prakt. Chrm. [2], x. 89. 

< Kohlmann, Jahresb. 1864, 254. 

» Gladstone and Tribe, Joum. Chem. JSoe. 1881, i. 9. 

• Hofmeister, Ann. Chem. Pharm. clix. 191. 
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Phenyl oxide is also formed, together with other products, fcy 
■warming phenol with aluminium chloride.^ It separates out from 
its Bohitions aa an oil, which solidifies at a low temperature to 
needles or foiiv-sided prisms melting at 28°. It smeila like 
geranium, and boils at 252° — 253°. 

Phenyl oxide is an extremely stable body, which is neither 
attacked by phosphorus pentachloride nor by a solution of 
chromium trioxide in acetic acid. Even hydriodic acid does not 
act on it at 250°, and it remains unchanged when ignited with 
zinc-duat. 

Phenyl methyl, ethtr was first obtained by Cahours by distilling 
anisic acid (methylparoxybenzoic acid) with baryta, and 
therefore called anisol.* 

*^«^*{coS = CgH.OCHg + CO,. 

In the same way he obtained it from wintergreen oil, which 
chiefly consists of methyl salicylate, which is metameric with 
anisic acid.^ He then found that anisol is also formed by nsing 
Williamson's method of preparing mixed ethers, viz., by heating 
potassium phenate with methyl iodide, or by distilhng it with 
potassium methyl sulphate.* It is obtained in larger quantitief 
by beating sodium phenate to 190° — 200°, and passing methjt 
chloride through the mass by a tube reaching to the bottom of 
the vessel as rapidly as it is absorbed.* 

Anisol is a pleasantly-smelling liquid, boiling at 152°, and 
having a sp. gr. of O^DOl at 15°. It ia not attacked by con- 
centrated hydrochloric acid at 120° — 130°, but hydriodic acid 
decomposes it at 130° — 140° into phenol and methyl iodideJ" 
Heated zinc-dust does not decompose it,^ 

Phf-nyl ethyl ethry. CjHgOCjHj.— Baly first obtained this com 
pound by the action of ethyl salicylate on anhydrous baryta, an 
by the distillation of the product ; the new compound he termi 
salithol.* Soon afterwards Cahours obtained it by the same pn* 
cess and called it phenetol (phcni^tol"). and then prepared it fronj 
ethyl iodide and potassium phenate.'" It is also easily obtained 
by heating sodium phenate mth sodium methyl sulphate fol 



' Vincent. Ball. Soe. Chim. il. If)8. 

' Gnbe, ^nn. CAmi, Pharm. cxxxtx. HP. 

' Joum. Ohmt. Bat. fi. 28 ; ^im, Chfm. Phnm 

" An*. Cfi^m, Fharju. Inir, SM. 



• /iuJ. IxxTiii. 23a. 
f DeiB, ibid. clil. 88. 
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several hours to 150^^ It is a liquid possessing similar properties 
to anisol, and boiling at 172**. 

We are also acquainted with the following mixed phenyl ethers 
containing monatomic alcohol radicals : 

Boiling-point. 

Phenyl isopropyl ether,« (^^s)^^ | O 176" 

Phenyl propyl ether » ^8^7 1 q 190—191" 

Phenyl isobtuyl ether,* (^^3)2^2138 jo 198" 

Phenyl amyl ether,^ ^^i I O 224—225 

Phenyl allyl ether,« ^sj^s | O 1 92—195 

Diphenyl methylene ether ^ (CgH50)2CH2, is obtained by heating 
methylene bromide with potassium phenate. It is a liquid with 
a faint odour resembling that of phenol, and boiling at 293" — 295"J 

Diphenyl ethylene ether y (G^fii)j<i^^j\s formed when potassium 
phenate is heated with ethylene bromide to 140". It forms 
crystals melting at 985", difficultly soluble in cold, but readily in 
hot alcohol, and ether.® 

By allowing equal molecules of sodium phenate and ethylene 
bromide to act upon one another in alcoholic solution, phenyl 
bromethyl ether, CgHgOCjH^Br, is formed. It crystallizes in 
colourless needles melting at 39", boils with slight decomposition 
at 240" — 250", and easily loses its bromine. By heating the 
eiher with alcoholic ammonia to 100" — 120", the hydrobromide 
of imidodiethylene phenyl ether, (CgH50C2H4)2HN, is formed, 
and by acting on this with soda the free base is obtained as a 
thick, strongly basic oil.^ 

Phenolglucoside, CgHu 0^(00^11^, is formed by the action of 
alcoholic potassium phenate on acetochlorohydrose (Vol. III. 
Part II. p. 545) : 

C,H7(C2H30),C10, + an.OK + 4C2HeOH 
= C,HiA(0C^H5) + 4C2H,.OC2H30 + KCl. 

• Eolbe, Joum, Prakt. Chfm. [2], xxvii. 425. 

• Silva, Zeiiach, C/iem. 1870, 249. » Cahours, Bull Soe, Chim. xxi. 78. 

• Riess, Ber, DetUsch. Chan. Ocs. iii. 780. 

• Cahoon, Aniu Chem, Phann. Ixxviii. 227. 

• Henry, Ber, Dcutsch, Chevi. Ges. v. 455 a. 
' Henry, Auti. Chim. Phys. [5], xxx. 266. 

• Bnre, ZcUseh, Chnn. 1869, 165 ; Lippmann, ibid. 447. 

• Weddige, Jcum. PraJct. Chem. [2], xxiv. 241. 



It is soluble in cold, Igit sSU -more so in hot water, a 
crystallizes from its aqueous solution in concentrically gronpc 
needles wLich inelt at 171° — 172V By heating it 
acetic anhydride an<i sodium acetate, the triacetyl-compout 
CoHj(GjH30)jOs(OCoHs), which crystallizes from hot alook 
in long shining needles, is formed.* 

We have already remarked that dextrose fre<|uently o 
a product of decomposition of bodies belonging to the vegetable 1 
kingdom, termed glucosidea, which are split up by dilute acids, 
or by certain ferments, with assumption of water, yielding sugar- 
like substances and other bodies. (Vol III. Part II, p. 538.) 

Fhenotglucoside is not only the simplest compound of this I 
group, but also the first one which was artiBcially prepared, f 
When boile*! with dilute acids, or when its solution, wanned I 
to 40°, is brought into contact with eroulsin, a ferment contained 1 
in almonds, it splits up into phenol and dextrose. 

C(,H„(OCoH5)0, + H,0 = HO.C^H; + CjH,jO^ 



ETHEREAL SALTS OF PHENYL WITH 
INORGANIC ACIDS. 

973 SnlphnU of Phenyl. — According t« theory, two sulphates 
should exist, viz., the normal and the acid ethereal salt ; these 
bodies, however, cannot be prepared in a similar way to the 
corresponding esthyl compounds, for phenyl iodide (iodobenzene) 
does not act on silver sulphate, and sulphuric acid converts phenol 
into the phenolaul phonic acid, It appeared therefore very doubt- 
ful whether it was possible to obtain sulphate of phenyl, till 
Baumanu found in the urine of herbivora, and in smaller 
qiukntities in that of man and the dog, the potassium salt of an 
acid which be first believed to be a phenolsul phonic acid, but 
afterwards found to he pkeaylsulpkKric ufvl, SOj(CflHs)H. He 
observed moreover that the quantity of this compound is greatly 
increased if phenol be taken internally, and that if sufficient be 
taken the sulphates disappear from the urine. He then prepared 
phony Isulph uric acid artificially.* 

Its potassium salt is obtained by mixing 100 parts of phenol 

< A. Hirhkol. JoXrfth. ]S7e, SS8. 

* Her. DeMieK. CItem. Oa. xvi. 3hlO. 

» Ibid. ix. 6^, 1715 ; li. ISO?. 
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and 60 parts of caustic potash with from 80 — 90 parts of water, 
and gradually adding 125 parts of finely powdered potassium 
disulphate as soon as the solution has cooled to 60** — 70". The 
mass is kept at this temperature for from eight to ten hours, 
and frequently agitated, after which it is extracted with boiling 
95 p. c. alcohol, and the salt which separates out on cooling 
reciystallized from alcohol Its formation is shown by the 
following equation : 

/SO4.OK 
CeH5.0K + 0<^ = S02(OK)2 + CeH5O.SO2.OK. 

It crystallizes in small shining tablets which feel greasy to the 
touch ; it is obtained in transparent rhombic tables from alcohol 
at 60^ At 15** it dissolves in seven parts of water; in cold 
absolute alcohol it is scarcely soluble, but in boiling alcohol 
somewhat more readily. 

It decomposes on exposure to moist air, sometimes in a few 
minutes, into phenol and acid potassium sulphate. This change 
is also eflfected by heating the salt with water for some hours to 
100^ or by warming it with dilute hydrochloric acid for a few 
minutes. Towards alkalis it is, on the contrary, very stable, and 
is only gradually attacked on treatment with caustic potash at 
150**. By heating it to 150** — 160°, in absence of moisture, it is 
converted into the isomeric potassium paraphenolsulphonatc, 
CeH,(0H)S03K. 

Free phenylsulphuric acid is so unstable that its aqueous or 
alcoholic solution decomposes almost immediately. 

Phosphate of Phenyl. — By the action of phosphorus pentoxidc 
on phenol, mono- and di-phenylphosphoric acids are formed ; these 
can be separated by means of their copper salts, since that of the 
former acid is more readily soluble than that of the latter.^ 

Monophenylphosphoric acid, PO(OCeH5)(OH).2, crystallizes in 
thick needles, readily soluble in water and alcohol, and melting 
at 97* — 98**. On distillation it decomposes into phenol and 
metaphosphoric acid. 

Diphenylphosphoric addyPOiOC^^jJKy forms crystals melting 
at 50^ soluble with difficulty in water, but readily in alcohol. It 
has a great tendency to remain in the fused condition, and hence 
it has been described as an oily liquid.^ The chlorides of this acid 

> RemboM, Zeitsch. Cliem. 1866, 651. 
' Rapp, Ann, Chem, Pharm. ccxxiv. 156. 
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^^ brofdhf 'Jut v:r:am.4i fhmwhmm\\t}\MmmV <mfkBDei,wad 

Difm^^ji^m^me diJMu VOOC^JX » m thick liquid 
hf&x^ at 314^ — 314^^ aftd InTias m snlar sbcII to the pre- 
«Kfii&g cr/ot^jfzzA, Ii 2S 6BeIt djyvir anarfcfd Ik' valer and oold 

y^/rm/xi pk/iMyi pko^MU^VO'OCJB^^ if fofiBed, together with 
t^^jk^iuzfiite, br the actaoo of plwfih u fii i pentadiloride on 

4c;HjOH + pc\ = c^a + pooca:^ + *hcl 

It cfTftallizes in sinaU needles mehiiig at 45* ^Jaoohseii), is reidilj 
soluble in akohol and ether, and can be recnrstallized from strong 
sulphuric acid without alteration. 

Hunyl earh<maU, CCKOC^ H^^' ^ formed when phemJ is heated 
with carbonvl chloride to 140'' — \o(f. It crvstallizes from alcohol 
in silky needles melting at Tfi^.' 

P/unyl ethykarhKmaU, CO \ qC' H*' ^ formed bj the action of 

ethyl chlorocarbonate on potassium phenate, as weU as by that of 
aluminium chloride on a mixture of phenol and ethyl carbonate.^ 
It is an oily liquid boiling at 234^^ 

Phenyl carhara€Ue,CO(SH.^OCfi^, — In the preparation of the 
carbonates phenyl chlorocarbonate is also formed, and this comes 
over first on distilling the product, though it is not pure. On 
passing ammonia through its ethereal solution, sal-ammoniac 
separates out, and on evaporating the ether, phenyl carbamate 
crystallizes out in tablets which melt at 141^ and are readily 
soluble in hot, but with difficulty in cold water. By heating it 
with ammonia to 140'' phenol and carbamide are formed (Kempf). 

> Jarobsen, Ber, Dtutaeh, Chem, Ges, viii. 1519. 
' Scnigham, Ann. Chem. Pharm. xcii. 817. 
» Kempf, Joum. Prakt. Chem. [2], i. 404. 

* Pawlewsky, Ber. Deutach. Chem. Oes. zvii. 1206. 

* Fatianow, Jahresb, Chem. 1864, 477. 
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ETHEREAL SALTS OF PHENYL WITH 

ORGANIC ACIDS. 

974 Phenyl orthofomiaie, CH(OCgH5)8, is formed, together with 
salicylaldehyde, parabenzaldehyde and other products, when an 
alkaline solution of phenol is heated with chloroform. It cry- 
stallizes from alcohol in long white needles melting at 71*5°, 
and, under diminished pressure, distils without decomposition. 

It is not saponified by continued boiling with alkalis, but acids 
transform it very readily into phenol and formic acid.^ 

Phenyl acetaiCy CgHgOj-CgHg. — Cahours obtained this substance 
by the action of acetyl chloride on phenol,^ and Scrugham by 
heating phenyl phosphate with potassium acetate and alcohol.^ 
It is also prepared by boiling phenol with acetamide,* and by 
heating phenol with lead acetate and carbon disulphide to 170°.* 

4CeH50H + 2Pb(C2H302), + CS^ 
= 4CeH5.CjH30, + 2PbS -f CO2 + 2H2O. 

Phenyl acetate is a peculiarly smelling liquid boiling at Id^ 
(Parkin and Hodgkinson), and possessing the same refractive 
index as ordinary soda-lime glass, so that a' tube of this glass 
dipped in the liquid is invisible (Broughton). Sodium acts 
violently upon it, with formation of acetic acid, acetic ether, 
phenol, salicylic acid, and two crystalline bodies, CigH^jOj, and 
C18H14O4, which have not yet been examined.^ 

Phenyl chloracetaie, C2H2CIO2.CQH5. — Provost obtained this 
compound by the action of chloracetyl chloride on phenol. It is 
readily soluble in alcohol, and crystallizes in needles melting at 
40*2* and distilling without decomposition at 230'* — 235°. By 
heating it with alcoholic ammonia it forms phenyl amidacetate, 
C2H2(NBy Og-CgHg, which crystallizes in needles and dissolves in 
weak acids and water, but is scarcely soluble in alcohol.^ 

Phenylglycollic acid, CgH50CH2.C02H, is formed by the action 
of sodium phenate on chloracetic acid.® It is best obtained by 
mixing an aqueous solution of sodium chloracetate with sodium 

^ Tiemann, Ber, Dtutaeh. Chem. Oes, xy. 2685. 

* Ann. Chem. Pharm. xcii. 816. ' Ibid. xcii. 317. 

* Gnareschi, Ann. Chem. Pharm. clxxi. 142. 

* Broughton, ibid. Snppl. iv. 121. 

* Perkin and Hodgkinson, Joum. Chem. Soc. 1880, i. 487. 
' JaurjL Prakt. Chem. [2], iv. 679. 

■ Heintz, Jahresh. 1859, 361 ; Giacosa, Joum, Prakt. Chem. [2], xix. 369. 
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phenate, and evaporating until the whole becomes thick ; it il 
difficultly soluble in cold water, readily in alcohol and ether, and 
crystallizes from hot water in long shining needles which an( 
acid and hitter to the taste, and smell peculiarly. It mclfa st 
96°, and boils with slight decomposition at 285°. Phenyloxyacetia 
acid is Dot poisonous, but acts as a strong antiseptic* It fonni 
salts which crystallize well. 

£thi/l phrn.yl.,}y<:oU.ttr, Cfi^.OCnjiO^Qfiy may be ohtajnail 
by passing hydrochloric acid througli a hot alcoholic solution of 
tlie above acid. It is a thick oily liquid, having a peculiar, noC 
unpleasant, but persistent smell, and boiling at toV. Th 
methyl ether is a similar body, boiling at 245° (Fritzsche). 

Phtnylladic acU. CHj.CHCOCgHJCOjH, is obtained in 
similar way to its analogue, the preceding acid, from o-chlon> 
propionic acid. It crystallizes from hot water in long needlt 
melting at 112'— 113°. Its ethyl ether is a body smelling lik 
chloroform and boiling at 243°— 24*°. 

Difnyl (ixalale, C„,0((OCjHs)2, is formed when phenol is hcat« 
with anhydrous oxalic acid and phosphorus oxychloride : 
2C„Hj.0H + C,OjHj + POCI3 
= CjO,(CbH,)j + POgH + 3HC1. 
It crystallizes from absoluto alcohol in fine prisms, is insolubl 
ill water, but on long boiling it decomposes, or more rapidly 
presence of alkalis or acids.* 

By distilling a mixture of one molecule of anhydrous oxali 
acid and two molecules of phenol, thin shining ptatesareobtaiue 
melting at 12ti° — 127°. This hwly is also formed when the tw 
compounds arc dissolved in glacial acetic acid. It distils b( 
twecn 150° — 180°, partly decomposing into phenol and form! 
acifl. Water and alcohol decompose it into its components. Il 
empirical formula is C^HjO^ + 2CgHaO, and it may be regarda 
as the phenyl ether of orthoxalic acid, Cj(OH)j : * 
(HO),COCoH, 

(HO),COC«Hs, 
Phenyl aiuci)wte, Q^fi^^OG^^)^, is formed by warming phem 
with siicciiiyl chloride. It is insoluble in water, and crystalliw 
from boiling alcohol in pearly plates ; these melt at 118°, and til 
li<iuid boils without decomposition at 330°.* 
' FriUsche. Joum. Fratt. Chan. (2], xx. 200. 
» Kencki. Jmirn. Fratl. Chtm. [SI, ixv. '2Bi. 
* Clapiiri<I<! atnl Sniilh, Jonm. Chem. Koe. 
Ser. Dr-iil4fli. Chein. (let, xvii. ITIO. 
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CHLORINE SUBSTITUTION PRODUCTS OF 

PHENOL. 

975 MimocklorophcTioh, CgH^Cl(OBQ. — By the action of chlorine 
on phenol, parachlorophenol, together with a small quantity of the 
ortho-compound, is formed.^ These bodies, as well as metachloro- 
phenol,are also obtained by means of the diazo-reaction from the 
corresponding chloranilines ^ as well as from the amidophenols.^ 

Orthochlorophenol is formed, together with o- and 7-di- 
chlorophenol and trichlorophenol, by the action of sodium hypo- 
chlorite on an aqueous solution of phenol.* It is a liquid having 
an unpleasant, persistent smell, boiling at 175** — 176°, and at 
a low temperature solidifying in needles, melting at 7^ By 
the action of phosphorus pentachloride it is converted into 
orthodichlorobenzene. 

MdachloropJieiwl crystallizes in white needles, melting at 48**® 
and boiling at 214^ 

Parachlorophenol is prepared, in addition to the above-mentioned 
method, by the action of sulphuryl chloride on phenol.^ 

C^HyOH + SO2CI2 = CeH^CLOH -f SO^ + HCl. 

It forms crystals which melt at 37° and boil at 217°; it has a 
Weak but unpleasant and very persist^it smell. 

a-Dichlorophenol, CgH3Cl20H. Laurent obtained this com- 
pound by the action of chlorine on phenol, and named it " Acidc 
ddarophSnesique." "^ It was afterwards prepared by F. Fischer, 
by passing chlorine through phenol for several days and frac- 
tionating the product. It is insoluble in water and crystallizes 
from benzene in long six-sided needles which have an un- 
pleasant persistent smell, melt at 43° and boil at 209° — 210°. 
Its solution in alcohol is acid, and it decomposes carbonates 
on boiling with water, though its salts are almost completely 
decomposed by carbon dioxide in the cold. Phosphorus penta- 
chloride converts it into the asymmetrical trichlorobenzene. 

■ 

' Faust and Muller, Ann, Chein. Phamn. clxxiii. 303. 

^ Beilstein and Kurbatow, iJbid, 176. 

' Schmitt, Ber, Deuiseh. Chem. Ocs. i. 67. 

* Chandelon, ibid. xvi. 1479. 

* Uhlemann, ibid, xi. 1^61. 

* Dubois, Zeitaehr. Chenu 1866, 705 ; 1867, 205. 

'^/r«. {Zii'm, /'Ays. Jxiii, 27. • Ann, Ch<m„ Fharm. ^\r^^W\\, Yt^. 

VOL. III. — PART III. \ 



Two other dieliloroplicuols are known, obtaineil from til 

d ich lora m id op Lfiio 1 s. 

Jle!liii(!-|ioiiit. Iloi ling- poll 

^-Dichlorophenol,' tliiii nt'tdlfs. 5+— o.')' — 

-y-Dichlorophenol,^ fine needles. 03° 21S"— 220' 

Trii-hloTophrml, CbH2C'Is(0H), was likewise discovered 1 
Laurent and named Acide chUirpk^iiisique ■,^ it ia obtained by tl 
action of chlorine, not only on phenol, but also on aniliiu 
indigo,* and other aromatic compounds. It is prepared 
passing chlorine into plienol, wanning gradually until the raeltii 
point rises to about 67°, and isolating the pure compound I 
fractional distillation." It is easily soluble in alcohol and ether, a 
crystallizes in needles, melting at 67°— 68°, boiling at 2+3'5" 
244>'5°, and having an acid reaction. Its salts are only slight 
soluble in water. 

An isomeric trichlorophenol is obtained fn>m tricliloramid 
phenol, it melts at oi 1° — 54o° and boils at 248'5'' — 249*5V 

Percldoroplienol, CgClj(OH). Erdmanu obtained this coi 
pound by the continued action of chlorine on isatin and i 
trichlorophenol (chlorindoptic acid), and named it chloriaat 
indoptic acid.* Laurent who likewise prepared it from isat 
named it AcMe Cklorpkinuaiquey It is also prepared by I 
action of iodine chloride on phenol,'" or, better, by ]>aaaiD« ' 
chlorine continuously through a mixture of three parts of 
phenol and one part of antimony trichloride at 100° to 110° till 
the action ceases. The antimony chloride is then dissolved in J 
strong hydi-ochloric acid, the residue treated with boiling sodM 
solution, precipitated by hydrochloric acid, and the separat«tffl 
perchloi-ophenol puri^ed by distillation in superheated steAiRfl 
and reerystallization from petroleum spirit.'* It crystallizGH 
in rhombic prisma which melt at 187°, and are readily solubKfl 
in alcohol, the solution having an acid reaction. When heated] 
it first has a pungent smell and then produces coughing; ifM 
[wwder excites violent sneezing. By carefiilly heating it may bM 
BubUmed in white needles; it does not boil uutil a high^fl 

■ Himh, BtT. DciUtch. Chcm. Ga. xi. IBSl. H 

" Soifart, Ann. Chcm. Pharm. Supgil. lii. 203. H 

» Ann. CAim. Fhyi. [3], iii. 208. * Ann. Chcui. Fharm. liii. 8. fl 

' Eidmuin, Joui-n. Fmit. Chem. xix. 332 ; uii:. 376 ; xxv. 472. ^1 

* Faiut, Ann. Chem. Pharm. cxlix. 14S. ^| 

' Hirsch, Ber. DtuiaeK. Chem. Qa. liii 1908. ^| 

' Jimn. PrakL Chem. ijtii. 272. • Ann. Chim. Phyi. [31. iii, ufl 

" SchiitwnberRer, BhH. Soc. Chim. iv. 102. ^^1 

" Men and Weilh, Bur. Deutteh. Ch<«t. Ga. », 4S8. ^H 
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temperature is reached, when it decomposes with separation of 

hydrochloric acid and perchlorophenylene oxide, which is 

described below. Phosphorus pentachloride converts it into 

perchlorobenzene. Its salts are for the most part only slightly 

soluble in water. 

Potassium perchlorophenate, CgClgOK, crystallizes from con- 
centrated caustic potash in prisms with a diamond lustre. At a 
high temperature it decomposes into potassium chloride and 
i^mUorophenylene oxide, (C^ClJgOs* which is scarcely soluble in 
alcohol and ether, and crystallizes from hot nitrobenzene in broad 
needles resembling benzoic acid. It melts about 320°, and 
boils above the boiling point of mercury. Its constitution is 
probably the following : 

<> 

hrMw'opheiwl chloride, C^Clg (0H)Cl2, is obtained by the con- 
tinued action of chlorine on acetometachloranilide, CgH^Cl.N 
(CjH30)H, and crystallizes from petroleum spirit in large, thick 
prisms melting at 785° to 80°. By heating it with absolute 
alcohol to 230° it is converted into perchlorophenol. ^ 



BROMINE SUBSTITUTION PRODUCTS OF 

PHENOL. 

976 Mcnobroniophenols, CgH^Br(OH), are obtained in a similar 
way to the corresponding chlorophenols. 

OrihobromopheTiol is an oily liquid having an unpleasant, strong 
and persistent smell, and boiling at 194° to 195°.^ 

J/€to^ewu>2?A€7ioZ crystallizes in scales melting at 33° and boiling 
at 236*5°; it does not smell so unpleasantly as the ortho- 
compound.' 

Parahroniopkenol crystallizes from chloroform in large octo- 
liedra resembling those of alum, melting at 63° to 64°. It is 
easily soluble in alcohol and boils at 238°.* 

* Beilstein, Ber. Deutach. Chein. Oes. xi. 2182. 

' Fittig and Mager, Ber. DeuUeh. Chem. Gcs. viii. 362. 

» Wnrstcr and Nolting, ihi/i. vii. 905 ; Fittig and Mager, loc. cU. 

* Hubnerand fJrenkcn, ibid, vi 171 ; Fittig and Magcr, ibid. vii. 1176. 

I 2 
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Uetlil 

* Dibromophenol, CgH3Brj(0H), snow-white crjstalB . . 40' 
' Tribromoplienol, OgH„Brj(OH), very long hair-like neeJles 95' 

3Tetrabroraophenol,C8H.Br,{OH), needles 120' 

*Pentabromophenol, CyBrj(OH), needles 225° 

These bodies are all obtained by the direct bromination ( 
phenol. It is singular, that in the last tliree, the liydrogen abx 
of the hydroxyl can be easily replaced by bromine ^ving rise ( 
the following compounds : 

Tribrmiicpkf.nolhromide, CgHjErgCOBr), is obtained by treatii^ 
an aqueous aolutiou of phenol, or better salicylic acid, CjH,{OB 
COjH, with strong bromine water. The precipitate thus o' 
taiued crystallizes from carbon disulpliide in lemon colourei 
scales which are not attacked by a boiling aqueous solutim 
of an alkali. By dissolving it in benzene and adding caustit 
potash or ammonia, tribromophenol is formed. On heatii 
with sulphuric acid it is converted into the isomeric 1 
bromophenol.^ 

Trirabromopketwl bromitfe, CgHBr^(OBr), is obtained by di 
solving tetrabromophonol in caustic potash, adding hydrochloi 
acid and then quickly an excess of bromine water. 
crystallizes from chloroform in yellow monoclinic tables ; boili 
alcohol converts it into tetrabroraophenol, anil on heating wi' 
sulphuric acid it ia converted into pentabromophenol. 

Hexbronuyphenol or Ferbroviophaiol hromide, CjBrj(OBr), is o 
tained from pentabromophenol in a similar way to the precedil 
compound, and forms granular yellow crystals, which are il 
soluble in cold alcohol, but are converted by boiling alcohol ii 
pentabromophenol (Benedikt). 



IODINE SUBSTITUTION PRODUCTS OF 
PHENOL. 

977 Mono-iodophejwh, CnHjI (OH). Respecting these bodii 
the published statements are at variance. According to Komel 
the para-compound is obtained, together with a little of 
ortho -com pound and tri-iodophenol, by adding hydrochloric a 

* Komor, Ann. CAnin, Phann. cnxvii. 205. 

• I^urant, aid. xliii. 212 ; KOmer, loc. tit. 

* KdrniT, for. cU. 20P. * Konicr. U. cU. fllO. 
■> llencdict. Lkbig'a Ann. ■■ii'ix. 1S8 ; Mimolteh. Chan. \. 3S0. 

• Ann. Cbti». Phann. cxxxviL 211 ; Mirrtb- 1887, Bli ; ibuf. 187S, 3SS. 
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to phenol, iodine, and iodic acid, dissolved in a dilute solution 
of caustic potash : 

SCeH^.OH + 21, + HIO3 = 5CeHJ.0H + SH^O. 

Lobanow found that the meta-compound is also formed in this 
reaction. By distilling the product with steam, the liquid ortho- 
iodophenol comes over first, and then the solid meta-iodophenol, 
while the para-iodophenol is contained in the water which distils 
over, and also in the residual solution, to which caustic potash 
13 added and the residue, after evaporation, decomposed by 
hydrochloric acid.^ 

By mixing together dry sodium phenate, iodine, and pure 
carbon disulphide, ortho-iodophenol, together with /8-di-iodo- 
phenol and tri-iodophenol, is obtained.^ 

Ortho-iodophenol is, according to Lobanow, a liquid which 
does not solidify at — 23° ; it is decomposed by chlorine or nitric 
acid, and when fused with caustic potash is converted into 
catechol (Komer). Nolting and Wrzesinski, on the other hand, 
observed that ortho-iodophenol, prepared by means of the diazo- 
reaction from orthonitrophenol, forms fine crystals which melt 
at 43".» 

Meta-iodophenol forms flat lustrous needles melting at 64** — 66° 
(Lobanow). When fused with caustic potash these are trans- 
formed into resorcinol (Komer). 

Para-iodophenol was first obtained by Griess from para-iodo- 
aniline.* It is also obtained by the action of iodine chloride on 
phenol,^ and crystallizes from alcohol in large six-sided tables, and 
from carbon disulphide in short, thick prisms melting at 89** 
(Lobanow). On fusion with caustic potash it is converted into 
quinol (Komer), but at a higher temperature into resorcinol 
(Nolting and Wrzesinski). 

Melting-point. 

« a-Di-iodophenol, CeHglgCOH), ciystals . .150^* 

)8-Di-iodophenol, CcHgl^COH), crystals . . 68° 

7 Tri-iodophenol, CeH2l3(OH), needles . . .156° 



» Ber. Deuiseh, Chem. Oe$. vi. 1251. 

« Schall, Ber. DciUseh. Chem. Gea. xvi. 1897. ' Ibid. viii. 820. 

• ZeWtehr. Citem, 1865, 425. 

• Schutzenberger and Sengenwald, Jahresh. 1862, 413. 

• Hlasiwetz and WeseUky, Ber. DciUseh. Chem. Ges. ii. 524. 

' Laatemann, Ann. Chem. Pharm. cxx. 807 ; Schiitzonberger, Jahresh. 1865, 
521 ; KoTDer, Ann. Chem. Pharm. cxxxvii. 213. 
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NITRO-SUBSTITUTION PRODUCTS OF PHENOU 

978 Momitih-oplitnol. CgH,(NO^I_)H. In 1831) Fritzaclie. \if[ 
acting with nitric acid on indigo, obtiined a, peculiar smellingl 
volatile, yellow, crystalline body, which he subsequently found h J 
be identical with Hofniaun's nitrophenol, obtained by tlie actioa ol 
nitrons acid on aniline, and of nitric acid on phenoU Fritz 
afterwards found tJiat by the latter reaction two isomeric bodiei 
are fonned of which nitrophenic acid can be volatilised in 1 
current of st'eam, whilst isonitrophenic acid cannot,* These 
bodies were afterwards distinguished as volatile and non-volalil< 
nitrophenol, until it was found that the first is the urtho- and tin 
second the para-compound. 

It may be prepared, by gradually adding one part of pun 
phenol to a well cooled mixture of two parts of nitric acid « 
Sp. gr. 1-34 and four parts of water, stirring, and after soia 
time separating the heavy oil from the aqueous solution 
washing it with water, and distilling in a current of steam, ti 
the distillate is no longer coloured yellow. 

Paranitrophenol may be obtained from the residue by extractiq 
with boiling water. The yield amounts to 30 per cent, of ortbt 
nitrophenol and 32 per cent, of paranitrophenol on the phen< 
taken.' 

The higher the temperature rises during the operation, tb 
larger is the yield of orthonitrophenoi, whilst if the temperatun 
be kept low, more of the para-compound ia formed.* 

The two nitrophenols are also obtained, t<^ether with diaz4 
Iwnzene nitrate, when nitrogen trioxide is passed into an etliere 
solution of phenol,' as well as when sodium phenate is mixed wii 
A solution of nitrogen pero.\tde in carbon disulphide (Schall). 

By warming a mixture of 5 parts of phenol and an equal 
weight of ethyl nitrate with 16 parts of water, and 32 parts 
concentrat-ed sulphuric acid for a long time, 22 p. c. of ortbo 
nitrophenol and only 05 p. c. of paranitrojihenol is obtained.' 
According to Fittica a fourth isomeric nitrophenol is formed s1 
the same time. We shall refer tt> this subject in the sequel. 

> KBmcr, Ami. Chem. P/ianit. Ixiv. 351) ; ciii. SV. 
' Ann. C&wi. Pkarm. ex. IM. 

■ Schmitt anil Cook? ; Kiiran-, EtknU's LtKrb. Org. Chem. Wx. JO. 
• OoMitpin, B«ilHC«iD'a Hanitb. Org. Chtm. IDin. 

> Weulsky, Btr. IkiUufh. Chan. Ga. viii. 89. 
' NtUnson, Ber. D/ratuch. Chrtn. Ga. xiii. US. 
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Orthonitrophenol is also obtained, as already stated, when 
orthochloronitrobenzene, orthobromonitrobenzene, or orthodinitro- 
benzene is heated with dilute alkalis. It is soluble with difficulty 
in cold, readily in hot water, as also in alcohol and ether, and cry- 
stallizes in sulphur-yellow needles or prisms, having a peculiar 
aromatic smell and melting at 45'*. It boils without decomposi- 
tion at 214°, and is converted by phosphorus pentachloride into 
orthonitrophenyl phosphate, only a little orthochloronitrobenzene 
being formed. 

Its salts, which for the most part crystallize well, have a 
8carlet-red to an orange-yellow colour. 

As already stated, according to Fittica,^ a fourth nitrophenol 
exists. This body melts at 3^, and boils at 205° to 207°. By 
repeated distillation it is converted into orthonitrophenol ; this 
would therefore seem to be a case of dimorphism. 

Methyl orthoiiUrcphcnate or Nitranisol, G^^{^0.^0G)1^, is 
obtained, together with the para-compound, by the nitration of 
anisol, as well as by heating orthonitrophenol with caustic potash 
and methyl iodide.^ It is a yellowish oil, boiling at 276*5°; it 
solidifies on cooling, and melts at -f 9°. When heated with am- 
monia to 200° it forms orthonitraniline.^ 

Meianitrophenol is obtained by the diazo-reaction from meta- 
iiitraniline ; * it separates out from an ethereal solution in thick, 
sulphur-yellow crystals, melting at 96°. It can only be distilled 
without decomposition under diminished pressure, and is not 
volatile in a current of steam. Its salts are of an orange-yellow 
colour. 

Methyl metanitrophenate, CgH4(N02)OCH3, crystallizes from 
alcohol in flat needles, melting at 38° and boiling at 258°. It is 
easily volatilised by steam, and when heated with ammonia yields 
a small quantity of metanitrophenol together with humus-like 
products but no metanitraniline.^ 

Paranitrophenol is obtained, like orthonitrophenol, from the 
corresponding haloid compound by heating with alkalis. It 
crystallizes from boiling water in colourless needles or in mono- 
clinic prisms, which melt at 114° and on again cooling separate out 
as monoclinic crystals, which, however, are dimorphous with the 
ordinary form.* It boils almost without decomposition but is not 

' Jottm, Prakt. Chem. [2], xxiv. 1. 

' Mfthlhauaer, Ann, Chem. Pkarm, ccvii. 237. ' Salkowski, ib. clxxiv. 278* 

* Bantlin, £er. DetUsch. Chem, Qes, xL 2100. 

" Salkoi^vski, Ber. Dcutsch. Chem. Ges. xii. 1.55. 

* i^hmann, Jnhrcsb. 1877, 549. 
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volatile in a current of ateam. Oa hoShtg it with water ami 
bariam carbonate it decomposes the hstr-iUHifted eompomid more 
rapidlytban the ortho-compomid, and this again acts more lapidlj 
than metanitrophenoL^ Its aalta are not so deeftj ookmred 
as thnae of its iaomeridea. 

Methtfl paraniiropheAaie, CfiJ^O^OCH^ CTTStaOues in hige 
rhoTnbfic prisms melting at 9V and boiling at 23H' to 960', and 
forms paranitraniline on heating with ammonia* 



HALOGEN SUBSTITUTION PRODUCTS OP 
THE MONONITROPHENOL& 

Of these only those contaming one halogen will be mantioiied. 
The first number gives the position of the halogen, the seccnd 
that of the nitroxyl, the hydroxyl occupying poaitioa one. 



6 yellow needles' . . 

. „ - - , , 1 -»- . 4 white needles* . . . 
(/hloronitrophenols .< „ ^1 „ 11 5 

* j 3 : 6 lemon-yellow needles * 

2 monoclinic prisms^ . 
2 : 4 loofif white needles ' 



Meltiiiji^-pobt 







Bromonitrophenols . < 5 : 2 yellow prisms * 



( 



70' 



110— iir 

86— sr 

102" 
44' 



4 : 6 yellow monoclinic prisms • 88'' 



lODONITROPHENOLS. 

Tlio first two of these are obtained by the action of iodine and 
nu-rcuric oxide on a solution of orthonitrophenol in glacial acetic 
a(!id, ftnd the third in the same way from paranitrophenol.^® 

MeltiDg-poiDt, 

a-I()dortliointr()|)h()nol, long, yellow needles 90 — 91' 

/J-Iodorthonitrophenol, short, yellow needles 66 — 67^ 

lodoparanitrophenol, thick, light yellow crystals 154 — 155° 



* Vnni mid Mi'lirlrtiR, licr. DnUseh. Chcm. Ges. viii. 1549. 

• Uruiirk, ZcUnchr, Chrm. 1867, 205 ; Willgerodt, Ber. Deulsch, Chcm. Ges. 
x\y. 2032. 

■ Kiitwt fltid Mtillnr, Ann, Oem. Phann. clxxiii. 809. 

* KnuHt, %ri(4iihr, Chrm. 1871. 691 ; Annstrong, ibid. 596 ; Faust and Miiller. 

* initotiKinti, /icr. JhiiUtch. Chcm. Gfn, xi. 1161. 

• Fmint Htul Snnnnr, Ann, Chem. Pharm. Suppl. vii. 190 ; Laubenheimer, Ber. 
Jhuttsrh. Chfm. Gm. vii. 1601 ; Bodcwig, Jahresb. Chem. 1879, 611. 

' Hninrk niid Ktirnor, Xritsehr. Chem, 1868, 823. * laubenheimer. 

• Hrnni'k ; Kiirnrr ; Ldubcnhrimcr ; Hiifner and Brenken, Ber. Deutsch, Chem, 
Gf$, vl. 170 : Aumni, Jtihrmb, Ch^m^ 1877, 647. 

»• Bunoli, Bn\ DcnfJH-h, Chrm, Grs. vii. 4^2. 
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DiNITROPHENOLS, C^H^^T^O^fiH. 

Of the six theoretically possible compounds the following are 
\iiown. The subjoined figures give the position of the nitroxyls 
nhen the hydroxyl occupies position 1. 

Ordinary or a-Dinitrophe^wl (2 : 4) is obtained by nitrating 
phenol^ as well as from both ortho- and para-nitrophenol, by 
which its constitution is shown.* It is best obtained by warming 
paranitrophenol with an equal weight of nitric acid of sp. gr. 1*37.^ 
It crystallizes from hot water in yellowish- white rectangular tables 
which melt at 113^ to 114^ 

P'DinitropheTiol (2 : 6) is obtained, together with the former, by 
the nitration of orthonitrophenol, and crystallizes from hot water 
in fine, bright yellow needles melting at 63° to 64°. 

f'Diniirophefiol (3:6) is obtained together with the two 
following, when metanitrophenol is heated with nitric acid.* 
They can be separated by means of their barium salts, and the 
T^compound can also be separated from the other two by dis- 
tilling in a current of steam. It crystallizes from hot water in 
light yellow needles melting at 104°. 

h-Diniirophenol (3 : 4) crystallizes in long, colourless, silky 
needles melting at 134°. 

i'Dinitrophenol (2 : 3) separates from hot water in small yellow 
needles, and from alcohol in thick crystals which melt at 144°. 

Trinitrophenols, CgH2(N02)30H. 

979 We are now acquainted with three of these bodies. Of 
these the following has been known for a long time. 

Symmetrical or a-TrinitropJienol (2:4:6). Woulfe found in 
1771, that by the action of nitric acid on indigo a liquid is ob- 
tained which dyes silk yellow.* Similar observations were made 
by other chemists ; thus Quatremfere Disjonval in 1780 laid before 
the Paris Academy the results of an investigation on indigo, in 
which he remarks that this body forms with nitric acid a substance 
which stains the skin a saffron-yellow colour. Hausmann then 
observed that in this reaction a bitter acid compound is formed. 

* Laurent, Anr^ Chem, Pharm, xliii. 213. 

* Korner, Zeitsehr. Chem. 1868, 322. 

* Kdmer, Kekol^'s Lehrb. iii. 42. 

* Bantlio, Ber. DetUsch. Chem, Gcs. viii. 21 ; xi. 2102 ; see also Henriques, 
LieHg^s Ann. ccxv. 821. 

» {Phil. Trans.) 1771. 
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Indigo- bitter was tlien further investigated by Fourcroy anJ 
Vauquclin ^ as well as by Chevreul.* The latter chemist con- 
sidered it to be a compound of nitric acid with a peculiar or- 
ganic substance. Welter, by treating silk with nitric acid, had 
aliva^Iy obtained a yellow, crystallized acid, whose potassium 
salt expkxled when heated, like gunpowder.' Liebig found that 
Wfher's bitter boiiy is identical with indigo-bitter and aloe- 
bitter, which Braconnot had obtained by heating aloes with nitric 
a^'id, and called it " Kohlenstickstofisaure " (carbazotic acid)/ 
>vlule Berzelius named it " Pikrinsalpetersaure," and Dumas 
i^ave it the name by which it is now universally known, picric 
a^'id ^TTixpo^, bitter'.* Laurent first obtained it by the action 
of nitric acid on phenol, and showed that picric acid {Adde 
H'.: --.lA^Hisii^uf^ is trinitrophenoL* This is the final product of 
tho a^'tion of nitric acid on a large number of substances con- 
tJiiiiiui: the benzene ring, just as oxalic acid is the result of 
xho oxiviation of many fatty bodies. Amongst those which give 
a i^vv^ yioKl of the acid is the acaro'id resin (from XarUhorrkm 
V:x4.\// and Ivlorv phenol was manufactured on a large 
saaUn tills rx'siu w:is employed for the preparation of picric 
aoivl This Kvlv is also obtained by the action of nitric acid 
v»:i v»rilivni!ti\»|^houv>L |Kin\nitrophenol and the dinitrophenoU 
^^: > aud ,:i:ii\ but uvU on metanitrophenol, and this fact 
UK*viites its vvusi it ution. 

ru-ru" iwivl WHS fonuorlv obtaineil bv the action of nitric acid on 
{^lu'UvU ; phoiiolsulphouio acid is now used, since this substance, 
as Luuvut htul aln^adv |KMUtiHl out, is easily converted into picric 
twivl In iis mauufaoturv the apparatus is employed which 
is usv\l tor makiu^^ uitrv^lvu/ene, A mixture of equal parts of 
|>hoiiolaudc\nuvntrat<\l sulphuric acid is placed in the vessel, the 
voiiit'iits thou houtisl to 100\ and nitric acid ofsp.gr. 1'3 allowed 
to tlow in. After i\x^Hni*, the priKluct solidifies to a crystalline 
mass, w hivh is tilton*d and drainoil, and then washed with cold 
watiT. It is further puritit\l by recrystallizing from water 
cimtaiuin^ 0\ pc. of sulphuric acid. Another useful mode of 
jHivifioation cvnisists in exactly siiturating the crude acid with 
siHlium carlHuiato and additig to the hot filtered solution a few 
crystals of sinlium cnrlKUiatv. when almost the whole of the sodium 

^ (ivhii-n. X Joum, ii. 231. • Ann, Chim. Phys. IxxiL 113. 

• Ann, Chim. Phy», xxix. 801. * Pogff, Ann, xiii, 191. 

• Ann. Chnn, Phaitn, xxxix. 350. 

• ^M». Chim. Ph;fH. f.<J], iii. 221. 

' Stciihouso, Mnn, Chr,n, Hv*', iii. 12. 
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picrate separates out and can be decomposed with hydrochloric 
acid.^ 

Picric acid is difficultly soluble in cold, easily in hot water, and 
crystallizes from aqueous solution in pale yellow, shining scales, 
whilst it crystallizes from an ethereal solution in rhombic prisms 
melting at 122*5**. When carefully heated it sublimes, but on 
strongly heating it decomposes with detonation, and on warming 
with calcium hypochlorite and water it yields chloropicrin, 
CCl3(N02), and chloranil, 0^01^02. It has an intensely bitter 
taste, an acid reaction, and colours animal fibre, the skin, etc. 
pure yellow. As its tinctorial power is very great it is largely 
iised as a dyeing material for wool, silk, leather, etc., either alone, 
or in combination with red and blue for dyeing oranges, greys, 
etc. It does not by itself adhere to vegetable fibre, and it is 
therefore employed to distinguish cotton from wool and silk, and 
to detect the presence of cotton in mixed fabrics, by steeping these 
for some time in a hot solution of the acid, washing with Avater 
and then examining under the microscope. 

Both its intensely bitter taste and its power of dyeing wool 
yellow, serve to detect picric acid, but the best test is to add 
ammoniacal copper sulphate to the solution under examination ; 
this gives a greenish precipitate, which can be seen even when 
only 1 part of picric acid is contained in 5,000 of water (C. 
Lea). By warming a solution of picric acid with ammonia and 
potassium cyanide, a deep red colour is produced, isopurpuric acid 
being formed (v. p. 126). Picric acid unites with other aromatic 
hydrocarbons, as it does with benzene, to form compounds, many 
of which are distinguished by their crystalline form or colour. 
This property indeed is frequently employed as a test for, and 
as a means of separating, some of these hydrocarbons. All such 
compounds are decomposed by ammonia, and some of them by 
alcohol, whilst others again may be recrystallized without 
decomposition. Of these latter one of the most characteristic is 
the naphthalene compound, Cj^Hg -f CgH3(N 02)30, crystallizing 
in golden needles, often united in a stellate mass, and melting at 
149^ This peculiar compound may be employed to distinguish 
picric acid from similar nitro-compounds. 

Picric acid is poisonous, rabbits and dogs being killed by doses of 
from 006 gram to 0*6 gram. It is said that it is sometimes added 
to beer to give it a bitter taste, 001 2 gram sufficing to give to a 
litre of beer an insupportable bitterness. In order to detect the 

^ Carey Lea, SiU, Amcr, Jouni. [2], xxxil. 180. 



picric add, the beer is wanned and & skein of white waollen yam 
Eteeped in it ; if this becomes coloured yellow it is treated witb 
ammonia, washed «~ith water, the solution concentrated on tlie 
water-bstb and some potassium cyanide added, when, if picrie 
acid be present, the red colour of isopurpuric acid will be seen. 
Picric acid can also be detected bj shaking some cubic centimetret 
of beer with half its volume of aniyl alcohol, which takes up the 
picric acid ; after evaporation of the alcohol the residue is tested 
as above.' 

Wofaler in 1 828 made the remarkable discovery that on boiling 
picric acid with water and baryta, hydrocyanic acid is fonnei* 
This observation has been almost entirely forgotten, probaUy 
because it seemed t"} be highly unlikely, considering the very 
stable character which the benzene derivatives enjoy in other 
respects, and it was not until Hubner and Post lately carefully 
repeated and confirmed it that Wolder'a observation obtained 
the recognition of chemists. They also found that even dinitio- 
benzene yields pnissic acid on boiling with caustic potaah, and 
that it is also obtained by fusing nitrobenzene for a short time 
with caustic potasK^ 

PlCRATES. 

980 Picric acid forms salts having a yellow colour, which, for 
the most part, crystallize well an<i are explosive. 

Potussiitm Picratt, CBHj(SOg)jOK, crystallizes in loug, yellow, 
four-sided, lustrous needles, which, obtained from dilute solutions, 
appear sometimes red and sometimes green (Liebig), It 
dissolves in 260 parts of water at 15", and in 4 parts at the 
boiling point. It is not soluble in alcohol On account of 
its sparing solubihty it was formerly employed as a reagent for 
potassium salts. On beating, it becomes of a red colour and then 
explodes like gunpowder; on being struck with a hammer it de- 
tonates powerfully. It is sometimes used mixed witli saltpetre 
for blasting purposes. 

Sodivm Pierale, CgHj(N0j)30Na, forms yellow needles, which 
dissolve at the ordinary temperature in about twelve parts of 
water, but as already stated the mldition of soda precipitates the 
greater portion of it. 

Ammonium JHcrate, CgHJ'J^0„\01^Ti^. is sparingly soluble 
in water and still less so in alcohol, and crystallizes in rhombic 
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scales. It is employed mixed with the nitrates of barium, 
strontiimi, &c., for bengal fire. Brugfere's picrate -powder consists 
of 54 parts of this salt to 46 parts of saltpetre ; 2*6 grains of 
this is said to equal 55 grains of gunpowder. According to 
Abel this mixture is valuable for the blasting charge in 

shells. 

Silver Picrate, C^j^^O^fikg 4- H^, crystallizes from hot 
water in yellow shining needles, which dissolve at 15** in 113 
parts of water.^ 

Lead Picrate, [CgH2(N02)30]2Pb + H^O, crystallizes in brown 
needles which dissolve at 15** in 113 parts of water. It is 
employed mixed with saltpetre as a blasting agent in the place 
of potassium picrate. 

Methyl picrate or trinitranisol, CgH^CN 02)300113, was ob- 
tained by Cahours by the action of concentrated nitric acid on 
anisol ; it is also obtained by the action of methyl iodide on 
silver picrate, and crystallizes in yellow monoclinic tables, melting 
at 64^ 

JEthyl picrate, CgH2(NOo)30C2H5, is formed in a similar way to 
the methyl ether,* and also by adding caustic potash to a solu- 
tion of chlorotrinitrobenzene (picryl chloride) in absolute alcohol.' 
It crystallizes in long, almost colourless needles which melt at 
78*5** ; by heating it with alcoholic ammonia it is converted, Uke 
the methyl ether, into trinitraniline.* 

Phenyl pierage, CgH2(N 02)300^115, is obtained in a similar way 
to the preceding compound, using potassium phenate, and 
crystallizes in colourless needles (Willgerodt). 

TrinUrophenyl acetate, CgH2(N02)30C2H30, is formed by boil- 
ing picric acid with acetic anhydride, and separates from ether in 
dark yellow crystals, melting at 75**-76°.^ 

Picryl chloride or Chlorotrinitrobenzene, CgH2(N02)3Cl, was first 
prepared by Pisani by the action of phosphorus pentachloride on 
picric acid and called " Chlorure de picryle," because he found 
that, like other acid chlorides, it is converted by water into 
hydrochloric acid and picric acid.^ 

According to Clemm, the latter observation is not accurate ; 
Pisani s product contained, without doubt, some free picric acid, 

* Po«t and Mehrtens, Ber. Dmtaeh. Chem. Ges. viii. 1 549. 
' H. M&ller and Stenhouse, Ann. Chem. Phami. cxli. 80. 

* Willgerodt, Ber, Deutsch. Chem. Gcs. xii. 1277. 

* Salkowski, Ann. Chem, Pharm. clxxiv. 259. 

* Tomami and David, ibid, clxix. 167. 

* Compt, Bejul, xxxix. 852 ; Ann. Chem. Pharm. xoii. 326. 
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which naturally cutera into solution when water is added, wljil 
the pure compound is not attacked even by boiling water.' 

Chlorotrinitrobenzenc crystallizes fiom alcohol in almort 
colourless needles, and from ether in amber-coloured inoiiofliiw 
tables, meltin;,' at S3°.* 

By boiling it with soda solution it give* picric acid, ami bj 
heating it with an aqueous solution of ammonia it is convertaj 
into trinitrauiline or picramide, CgHj(N0j)3NHj. 

Picryl chloride. like picric acid, forma compounds with aromatic 
hydrocarbons, which crystallize well.' The benzene compound 
CgH,(NO^)jCl + C„Hn, crystallizes in large, pale yellow prisma 
which very quickly lose benzene in the air.* 

9S1 Isapurpiinc add or Picrocyamiv acvi, CgH^NgOo, is as littlf 
known in the free state as its isomeridc purpuric acid (Vol. IIL 
Part II. pp. 307, 313), but many of its salts, which are vetj 
similar to the purpurates, have been prepared. 

Potassium mipii-rpurate, CgH^KNgOg, is obtained when jncric 
acid is warmed with water and potassium cyanide : * 
C^HgNaOj + 3KCN + 2HjO = C^H.KNpc + KjCO, + NH, 
It crystallizes in brownish-red scales, liaviug a greenish metallic 
lustre ; is slightly soluble in cold water, mon; readily in bot^ 
forming a fine red solution; on heating, or in contact wiA 
concentrated sulphuric acid, it explodes, On adding an acid t<| 
the aqueous solution it is coloured brownish-yellow, evolving 
pungent odour, and then deposits a brown flocculent precipitatft 
On evaporating the solution, a brownish-yellow amorphous maa 
remains behind. 

Ammoniuin Isopurpuratt, CgH^i'NHJNsOg, is obtained by tiM 
addition of sal-ammoniac to a concentrated solution of th 
potassium salt. It forms small browniah-red crystals, with 
green metallic lustre, which are analogous in optical properti< 
and crystalhne form to murexide (ammonium purpurate). I 
is employed as a dye fur wool and silk, and called in commei'ct 
Grdtuit soluble. 

982 ff-Trimtropkeml, CoUj(ii0^fiU{Z : 4 : 6), is obtained t 
nitrating 7- and 8-dinitrophenol ; it eiystallizes from hot watej 
in white, satin-like needles or scales, melting at 96*. Thfl 



' Journ. Prait. Chaa. [2], i. 145, 

" Lioberniann itml Palm, jicr. DeuiKh. ( 

* Merlana. iiuf, Hi. 844. 

" llnoyM. JaliTtjh. 18S9. 4SB ; iUiisiivul* 

tf. DeiUtch. CAcin. 'la. v. G-Jl. 



■ IJodi-wi);. .IrJ'-r'-ii!: 1879, 8W. 
ri. L-Vif.,i. }'/,unit. ^x. MSB ; Kom 
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potassium salt forms light red, brilliantly-shining crystals, which 
are soluble with difiSculty in water, forming a light-yellow 
flolution. 

^-Trinitrophenol, CoH2(N02)30H(2 : 3 : 6), is obtained from 
•y- and €-dinitrophenol, and forms white needles, melting at 117^- 
118^ The potassium salt, easily soluble in water, forms brilliant 
led needles ; its aqueous solution colours wool and silk a fine 
orange shade. 

Both trinitrophenols taste bitter and detonate on heating; 
their salts are, like the picrates, very explosive.^ By the con- 
tinued action of nitric acid they are converted into styphnic 
acid or trinitroresorcinol, CgH(N02)3(OH)2. By nitrating 7-di- 
ttitrobenzene, besides trinitroresorcinol and the two trinitro- 
phenols, a tetranitrodihydroxybenzene, Cg(N02)4(OH)2, probably 
tetranitroresorcinol, is formed. 

The production of styphnic acid by the nitration of dinitro- 
phenol had already been observed by Bantlin,and the compound 
described under the name of isopicric acid. 

The following graphic formulae show the connection between 
the different nitro-substitution products of phenol : 



Ortbonitrophenol. 

OH 

/\N0o. 



Paranitrophenol. 

OH 



\/' 



Metanitrophenol. 

OH 



NO.. 



NO,. 



Dinitrophenols. 

OH OH OH OH 

/\jJO.. no./Xno, .-^XpNOj. /\ 



i\0. 



1^ 



' 1 7 r" 



^NO,. 
NO.,. 



OH 

/\no.,. 



\/'^0,. 



OH 

no,/\no,. 



OH 



NO,. 



Trinitrophenols. 

OH 

N0^/\ NO/\nO, 

\/N0,. ^ ^^^' 

NO,. 



* Henriqnes, Ann. Chan. Pharm. ccxv. 321. 
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PHENOLMONOSULPHONIC ACIDS, CeH/OH)S0^ 

983 By dissolving phenol in sulphuric acid Laurent obtained 
his " Acide sulphoph^nique." ^ Kekul^ then found that a mixture 
of ortho- and parasulphonic acids * is thus formed. 

Orthophenolsul2>honic acid is principally formed in the cold; it 
is not known in the free state, because by evaporating its solution 
on the water-bath it is partly, and by strong heating, completely, 
converted into the para-compound.* In order to prepare the 
potassium salt, equal volumes of phenol and sulphuric acid are 
mixed, diluted with water and, after some days, the excess of sul- 
phuric acid removed by lead oxide, and the filtrate neutralized with 
potassium carbonate. On concentrating the solution the para- 
salt separates out in anhydrous plates, and then the ortnb-salt 
crystallizes in rhombic prisms, which contain two molecules of 
water of crystallization and eflfloresce in the air ; by this means 
the para-salt is easily separated.* 

Metapkenolsulphonic acid is formed by heating the potassium 
salts of the two phenoldisulphonic acids with some water and 
two or three times their quantity of caustic potash to ITS'* to 
180°, till a uniform thick mass is produced.^ The acid, which 
crystallizes in fine needles containing two molecules of water, 
produces a violet colour with ferric cliloride, and on heating with 
caustic potash to 250° is converted into resorcinol. 

Paraphenolsulphonic amd. — The preparation of this body has 
already been described. It is also obtained by the action of chloro- 
sulphonic acid on phenol,® as well as by warming paradiazo- 
benzenesulphonic acid with water.^ In the free state it is a 
syrup. By oxidizing its sodium salt with manganese dioxide and 
sulphuric acid quinone is obtained.® 

1 Ann. Chim. Phys. [3], 293. » ZcUschr, Chem. 1867, 199. 

' Kekuld, Ber. Deutsch. Chcm. Ges. ii. 830. * Post, Licbiff's Ann, ccl. 64. 

* Barth and Senhofer, Ber. Deutsch. Chem. Ges. ix. 969. 

* Engelliardt and Latschinow, ZeUschr. Chem. 1869, 298. 
' Schmitt, Ann. Chem. Pharm. cxx. 148. 

^ Schrader, Ber. JDeutsch. Chcm. Ge% viii. 760. 
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PHENOLDISULPHONIC ACIDS, CeH3(OH)(S03H).,. 

984 a-Plicnoldisulphonk acid is formed by the action of 
concentrated sulphui'ic acid on diazobenzene sulphate.^ 

Ill order to prepare it, one part of phenol is heated with 
four parts of a mixture of ordinary and fuming sulphui'ic acids 
on the water-bath, until sulphur dioxide is evolved ; it is then 
diluted with water and saturated with baryta.^ From the 
barium salt, purified by recrystallization, the free acid is easily 
prepared ; it crystallizes in deliquescent warty needles and is 
coloured a ruby red by ferric chloride.^ 

P-Phcnoldistdphonic add is obtained by heating phenoltrisul- 
phonic acid with caustic potash and water. It forms a syrup and 
decomposes on heating. 

PhenoUrisidphonic acidy CgH2(0H) (80311)3, is formed when 
two parts of phenol are heated with ten parts of sulphuric acid 
and five parts of phosijhorus pentoxide to 180**.* It crystallizes 
in vaaco in needles containing water or in short prisms, which 
give an intense blood-red colour with ferric choride. 

JEfydroxysruipholenzide or HydroxyphcnyhulplionCy (CgH^OH)2S02, 
is a by-product of the action of sulphuric acid on phenol.^ In 
order to prepare it, fuming sulphuric acid is heated with double 
its weight of phenol for from three to five hours at 180°-190** and 
the still warm mass gradually poured into a little water. It is 
almost insoluble in cold water, crystallizes from boiling water in 
long prismatic needles, and from glacial acetic acid in rhombic 
prisms melting at 239°. On heating with fuming sulphuric acid 
it is converted into phenoltrisulphonic acid.^ Like phenol, it 
forms salts, which have been examined by Glutz. 

Sid)stifutcd Phenohulphonie Acids. — The phenolsulphonic acids 
being phenols and powerful acids at the same time, form various 
series of salts. By the action of chlorine, bromine and nitric 
acid, substitution products may be obtained, which may also be 
prepared from the substituted phenols by the action of sulphuric 
acid. As in the case of phenol, so it is found that in these 

^ Gricss, Ann. Chcm. P/iarm. cxxxvii. 69. - KekuW, Lfhrb. iii. 263. 

' Scnhofer, JaJiresb. 1879, 749. 

* Senhofer, An7i. Chcni. Pharm. clxx. 110. * (ilutz, ibid, cxlvii. 52. 

' Annahcim, ibid, clxxii. 36 ; Brr. DcitUch. Chem. drs. ix. 1148. 
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bodies the larger the number of negative elements or hydroxyla 
in the compound, the more easily is the hydrogen of the phenol 
hydroxyl replaceable by metals ; the stability of the compound 
is, however, correspondingly decreased. 



SULPHUR COMPOUNDS OF PHENOL. 

985 Phenyl hydrosuljjhide, or Thiophenol, CgHg.SBL — Vogt first 
obtained this compound, which is also called phenyl mercaptan, 
by the action of zinc and dilute sulphuric acid on benzene- 
sulphonyl chloride, and named it benzyl mercaptan.^ In order 
to obtain a good yield, the chloride is first reduced to benzene- 
sulphinic acid, and the crude zinc salt so obtained put into a 
well-cooled mixture of zinc and hydrochloric acid. It is thus 
obtained together with phenyl disulphide. To the liquid, which 
now only contains a little free hydrochloric acid, zinc-dust is 
added to convert the disulphide into zinc thiophenate : 

(CeH6),S, + Zn = (C,H,S)Zn. 

It is then treated with hydrocHoric acid and the thiophenol 
distilled oflf.^ Stenhouse obtained it, together with phenyl 
sulphide and diphenylene sulphide, Ci2H8S,by the dry distillation 
of sodium benzenesulphonate in an iron retort, but when he used 
one of copper he only obtained a trace of thiophenol.* It is 
also formed by the action of phosphorus pentasulphide on 
phenol.* The reaction, according to Geuther, is as follows : 

SC.H^.OH + P,S, = 2CeH5.SH + 2PO,(C«H5)3 + 3H,S. 

At the same time, small quantities of phenyl sulphide and 
phenyl disulphide, which are decomposition products of thio- 
phenol, and also some benzene, are produced by the action of 
the intermixed phosphorus trisulphide ; when phenol is heated 
with the latter, the following reaction takes place : 

8CeH,0H + P2S3 = 2CeH, + 2PO,(CoH,)3 + 3H,S. 

A little thiophenol and phenyl sulphide are formed at the 
same time.^ Thiophenol is also formed, together with the 

' Ann, Chem. Pkarm. cxix. 142. 

^ Otto, Ber. Deulsch. Chem. Ges. x. 939. 

' Roy. Soc. Pro, xvii. 62. 

* Kekul6 and Szuch, Zmtsehr. Chein, 1867, 193. 

" Licbig'a Ann, ccxxi. 65, 
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sulphide, when benzene is warmed with sulphur and aluminium 
chloride.^ 

Thiophenol is a colourless, strongly refractive liquid, boiling 
at 1725° and having at 24** a specific gravity 1078. In the pure 
state it has an aromatic and somewhat aliaceous odour ; it pro- 
duces on the skin a burning pain. Its vapour attacks the eyes 
and causes temporary dizziness. It is readily converted by 
oxidation into phenyl disulphide ; even the oxygen of the air 
effects this conversion in presence of ammonia. 

As with other mercaptans, the hydrogen combined with the 
sulphur is easily replaceable by metals. It acts quickly on 
mercuric oxide, with formation of mercury thiophenate, 
(Cj,H5S)2Hg, which crystallizes from boiling alcohol in white, 
silky needles. 

Lead thiophenate (CqH^^S)^}}, is obtained by the addition of 
thiophenol to an alcoholic solution of lead acetate, as a yellow, 
crystalline precipitate, which decomposes on dry distillation, 
fonning lead sulphide and phenyl sulphide. 

Mkj/l thiophenate, CgH^.SCgHg, is formed when sodium thio- 
phenate is heated with ethyl iodide to 120° ; it is an unpleasantly 
smeUing liquid, boiUng at 204*".* 

Phenyl orthothioformatey 01(80^^)^^ is prepared by heating 
an aqueous solution of sodium thiophenate with chlorofoiTn. It 
crystallizes from a mixture of alcohol and a small quantity of 
benzene in short, thick prisms, melting at 39*5°. Like the cor- 
responding oxy-compound, it is not decomposed at 120° by 
caustic soda, but fuming hydrochloric acid decomposes it at 
120*', under pressure, into formic acid and thiophenol.^ 

Phenyl thiacetate, CjHjO.SCgHg, is formed by the action of 
acetyl chloride on thiophenol; it is an unpleasantly smelling 
oily liquid, boiling at 228°-230° and dissolving in alcohol and 
ether; phenyl disulphide separates out from the solution on 
standing exposed to the air. When the ethereal salt is boiled 
with concentrated caustic potash it is decomposed into thiophenol 
and acetic acid.* 

986 Phenyl sulphide, (0^115)28, was first obtained by Stenhouse 
by the dry distillation of sodium benzenesulphonate.* Other 
methods of preparation have already been described under 

^ Friedel and Crafts, Bull, Sne. Ch4:m. xxxi. 464. 

* Beckmann, Joum. Prakt. Chem. [2], xvii. 457. 

* Gabriel, Ber, DetUseh. Cfmm, Oes. x. 185. 

* Ann, Chem. Pharm, clxxvi. 177. 

* Ibid, cxl. 287. 
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thiophenoL To prepare it, sodium benzenesulpbonate is treated 
with phosphorus pentasulphide, the crude product rectified over 
powdered copper and then purified by fractional distillation.^ 

Phenyl sulphide is a liquid possessing an aliaceous odour, 
boiling at 272*5'" and having a sp.gr. I'll 9. Nitric acid oxidizes 
it to sulphobenzide, (CgH5)2.S02. 

Phenyl disulphide, {G^^^^ is obtained, as already stated, by 
the oxidation of thiophenol ; it is best to employ nitric acid of 
sp. gr. Ill to 11 2.^ It is also obtained by the action of iodine 
on sodium thiophenate : ' 

C^H.SNa CcHj.S 

+ I.,= I + 2NaI. 



CeH,.SNa CeH,.S 

It is further formed when benzenesulphinic acid is heated with 
thiophenol to llOV 

CoH^SOgH + 3C«H5.SH = 2(C^H,)2S2 + 2HjO. 

This reaction explains the fact that, by the action of nascent 
hydrogen ou hot benzenesulphinic acid, the disulphide is formed, 
but that when the solution is kept cool, thiophenol is formed. 
Phenyl disulphide crystallizes from alcohol in brilliant needles, 
melting at 60°-61°. It boils at 310** * and decomposes on continued 
boiling into sulphur and phenyl sulphide. Reducing agents 
quickly convert it into thiophenol, and concentrated nitric acid 
oxidizes it to benzenesulphonic acid. 

On heating it with alcoholic potash it forms thiophenol and 
benzenesulpliinic acid. Its solution in concentrated sulphuric 
acid is coloured cherry-red and then blue on warming. Thio- 
phenol gives the same reaction,*^ as it is oxidized by the acid to 
phenyl disulphide (Stenhouse). 

Thiopicric acid, G^.J^^O^J^^. — The potassium salt of this 
body separates in reddish-brown needles when a hot alcoholic 
solution of picryl chloride is gradually added to an alcohoUc 
solution of potassium sulphide, which must be well cooled, and 
the whole allowed to stand ; it detonates violently at 140** and 
on percussion. The acid thus obtained, or a'trinitrothiophcnol, 

' Spring and KrafTt, Bcr. Dcufsrh. Chem. Gcs, vii. 384. 

^ Otto, Ann. Ch^m. Pharm. clxiii. 213. 

8 lliiber and Alsbci-g, ibid. clvi. 330. 

^ Schiller and Otto, Ber. DetUsch. Chem, Gcs. ix. 1589. 

• (Jrahe, Ann. Chan. Pharm. clxxiv. ISO. 

• Baumann and Prcussc, Zeittehr. Phya. Chmi. v. 321. 
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is easily soluble in water, alcohol, and ether, tastes bitter, and 
crystallizes in yellowish needles, melting at 114° and exploding 
at 115^ 

Picryl sidphide, [Gq^2(^0^^.^S, is formed by mixing 10 cc. 
of an alcoholic solution of 10 grms. potassium sulphide with 
4*4 gmis. of picryl chloride dissolved in alcohol. It crystallizes 
from glacial acetic acid in golden-coloured leaves or whitish- 
yellow prisms, melting at 266°.^ 



DIHYDROXYBENZENES, CeH4(OH)2, AND RE- 

LATED COMPOUNDS. 

Orthodihydroxybenzene, Pyrocatechin or Catechol. 

987 Reinsch first obtained this body by the dry distillation 
of catechin,^ and it was further examined by Zwenger, who 
named it ** Brenzcatechin." ^ In his investigations on moriu- 
tannic acid contained in fustic, R. Wagner observed that it is 
converted on heating into pyromorintannic acid,* which, he 
afterwards found, was identical with pyrocatechin, which 
he had prepared by heating catechu, and named, according 
to Erdraann's proposal, oxyphenic acid.^ He obtained it also 
by the dry distillation of gum-ammoniac, from the aqueous 
extract of the bilberry plant, and generally from the extracts of 
all plants which contain tannic acid.® It is also obtained 
when filter paper, starch, or sugar is heated to 200" — 280°,^ 
as well as by the dry distillation of wood ; it therefore occurs 
in orude pyroligneous acid.® 

Catechol is also found in the autumnal leaves of the Virginia 
creeper (Avipclopsis hederacea) ® and in kino, the boiled juice of 
diflFerent species of Pterocarpus, Butea and Eucalyptus.^^ 

It is likewise obtained when ortho-iodophenoP^ or ortho- 
phenolsulphonic acid ^- is fused with caustic potash. In order 

Willgerodt, Ber, DeiUscJi, Chem. Ges, xvii. ; rcf, 353. 

JUp. Pharm. Ixviii. 64. 

Ann, Chem. Phann. xxxvii. 827 ; and also Wackenroder, ibul. 309. 

Jatim. Prdkt. Chem. Hi. 460. * lOid. Iv. 65. 

Uloth, Ann. Chem. Pharm. cxi. 215. 

Hoppe-Scyler, Ber. DeiUsch. Chem. Oe». iv. 15. 

Pettenkofer, Jahresb, 1854, 651 ; Buclmer, Ann. Chem. Pharm. xcvi. 1S8. 

Gornp-Besanez, Ber. Deutaeh, Chem. Gc8. iv. 906. 

Fliickigcr, ibid. v. 1. 

Korner, ZeiUehr. Chem. 1868, 322. 

KekuU, ibid. 1867, 643. 
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It is also obtained when equal molecules of catechol, caustic 
foiash and potassium methyl sulphate are heated together,^ or 
when vanillic acid, CeH3(OCH3)(OHjC02H, is distilled with 
fime.' 

Quaiacol is a strongly refractive liquid, having an aromatic 
gmell, reminding one of Peru balsam. It boils at 200°, has at 
IS'a sp. gr. of 11 17, is slightly soluble in water, but readily in 
ilcohol ; its solution gives with ferric chloride an emerald green 
colouration. 

The metallic compounds of guaiacol are not very stable ; the 
fonnation of potassium guaicate, CyH^OgK -f 2H2O, is described 
above. By adding a little potash or potassium to guaiacol 
heated to 90°, the compound CyHgO^ + CyH^OgK + HgO is formed, 
which crystallizes from alcohol in shining prisms and dissolves 
in water with decomposition (Gorup-Besanez). 

Catechol dimethyl ether, or Veratrol, CgH^(OCH3)2, was first 
obtained by distilling veratric acid, CgH3(OCH3)2C02H, with 
caustic baryta,^ and is also formed when potassium guaicate is 
heated with methyl iodide.* It is a liquid with an aromatic 
odour, boils at 205° — 206°, and solidifies at + 15** to a crystalline 
mass. 

Catechol sulphuric acids are not known in the free state. On 
warming a solution of catechol in caustic potash with potassium 
disulphate, the salts CeH^(S0^K)2 and CeH^(OH)SO^K are 
formed. On treating the mixture with absolute alcohol, the first 
salt remains behind as a crystalline powder, and on evaporating 
the solution the second separates out in shining plates.^ 

These salts, or one of them, form a normal constituent of the 
urine of the horse and man.^ 

Catechol carbonatCy CgH^C03, is obtained by the action of 
ethyl chlorocarbonate on a mixture of caustic potash and 
catechol or on the sodium salt : 

/ONa 
CeH,< + 2C1C0.0C,H, - 

\ONa 

C^H / )C0 + COCOC^HJg + 2NaCl. 

^ Gornp-Besanez, Ann. Chcm. Phann. cxlvii. 248. 

* Tiemann, Ber. DeiUseh. Chem. Oca. viii. 1123. 

' Merck, Ann. Chem. Pharm. cviii. 60 ; KoUe, ibid. clix. 243. 

* Maraase, ibid. clii. 74. » Baumann, Ber. Deutaeh, Chtm. O^ '^IS. 

* Baumann, Zeitschr. Phys, Chem, i. 244. 
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It crystallizes from alcohol or benzene in fine four-sided 
prisms, melting at 118^ and boils without decomposition 
between 225"* — 230**.^ By the action of acetyl chloride on 
catechol, the diacetate, CeH^COCjHjO)^, is formed, which cry- 
stallizes in needles.^ 

On heating guaiacol with acetic anhydride, aceto-guaiacol, 
CeH,(OCH3)OC2H30, a limpid Uquid, boiUng at 235*— 240V is 
formed. 

Tetrdbr&inocatechol, C^r^{0^^, is obtained by triturating 
together catechol and bromine,* as well as by heating proto- 
catechuic acid, C6H3(OH)2C02H, with bromine * ; it crystallizes 
in long needles which melt at 187** and are insoluble in water. 
Its alcoholic solution is coloured dark blue by ferric chloride. 

Nitrocatechol, CeH3(NO)2(OH)2, is obtained by the addition 
of sulphuric acid to an aqueous solution of catechol and potas- 
sium nitrate. It is readily soluble in water, and crystallizes 
from benzene in yellowish needles, melting at 157^. It dissolves 
in caustic potash, forming a splendid purple solution. This 
reaction is so delicate that nitrocatechol makes an excellent 

indicator for volumetric analysis.^ 

f OH 

989 Orihohydrcxy phenyl hydrosulphide, C^H^-^ gjT,is obtained 

when sodium phenate is heated with sulphur to 180** — 200°. 

2CeH,0Na + S = CeH, | ^^^ + C«H,OH. 

This body can be indirectly separated from the product by oxida- 
tion, the effect of which is to form dihydroxyphenyl disulphide. 

.OH 

\0H 

The latter is isolated by acidifying with sulphuric acid and 
distilling with steam. The distillate is neutralised with soda 

* Bender, Bcr. DeuUch. Client. Ges. xiii. 697 ; Wallach, Ann, Chem, Phann, 
ccxxvi. 34. 

* Nachbaar, ibid. c\*ii. 246. 

* Tiemann and Koppo, Ber. DeiUsch. Chem. Ges. xiv. 2020. 

* Hlasiwetz, Ann. Chem. Pharm. cxliL 250. 
^ Stcnhouse, Chem. Kewa, xxix. 95. 

' Benedikt, Bci\ Dtutach. Chein. Gea. xi. 362. 
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and concentrated to obtain the salt (CeH^)2S2(OH)ONa, which 
forms in white crystalline crusts, dissolving in water and pro- 
ducing an intensely yellow solution. On addition of sulphuric 
acid and extraction with ether, the free dihydroxyphenyl di- 
sulphide is obtained ; it is a thick oil, possessing a faint smell, 
and decomposing at 200^ It forms two series of salts ; of these 
the normal are decomposed by carbon dioxide. 

The dimethyl ether, S2(CgH^OCH3)2, is obtained when the 
sodium salt is heated with caustic soda, ethyl iodide, and methyl 
alcohol. It crystallizes from alcohol in odourless needles, melt- 
ing at 119^ It is also formed by replacing the hydrogen cf the 
hydroxyl in potassium orthophenolsulphonate, CeH4(OH)S03K, 
by methyl, converting the potassium anisolsulphonate so ob- 
tained, by means of phosphorus chloride, into the corresponding 
sulphonyl chloride, and treating this, in alcoholic solution, with 
zinc dust. On oxidation with chromic acid, the methyl ether 
is reconverted into anisolorthosulphonic acid, which, on fusion 
with caustic potash, yields catechol. 

In order to prepare orthohydroxyphenylmercaptan, sodium 

amalgam is added to a solution of the above-mentioned sodium 

salt. 

/ONa 

\g ONa 

\ + 3NaOH + H,=2aH, ^ ^ + 3HA 

"•='<0H 

By the decomposition of the product with dilute sulphuric 
acid, orthohydroxyphenyl hydrosulphide is obtained as a strongly 
refractive liquid, having a penetrating smell and, like phenol, 
corroding the skin. It solidifies at a low temperature to a 
crystalline mass, similar to phenol, which melts at 5** — 6**. It is 
a tolerably strong acid, decomposing carbonates; its aqueous 
solution reddens litmus. On the addition of a little ferric 
chloride and carbonate of soda a very intense green colour is 
obtained, which, by adding caustic soda, is changed to a deep red. 
Oxidizing agents readily convert it again into dihydroxyphenyl 
disulphide, which is also formed by exposing an alkaline solution 
of the mercaptan to the air.^ 

1 Hailinger, Mo^iaUb. Chcm, iv. 135. 
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VLruLZcsTZBiiXTSxsxESE^ Rsstmas, or Resobcinol, 

§90 TV^ %i:ifT iriff irsa vs&caiaed It Barth and Hlasiwetz by 
iitsnxz s^j^sjtzxl 'ic rz3L-ii2!L3SrJikne with caustic potash, and since 
h s§ T'ffj ^fnriM" ^v> cr^ •JEkjdnnnrtoliieDe}, its higher homo- 
k'C'Str. cfczii 2$ -:ccaiZ]i=«i cr.'CL rasis, il was named lesorcin.^ It is 
a^ vCia^zzjeif 1:1 a <rn^ar war feooi Aim/4Kiidd^Sagapenumr, and 
^^tfr.r.%^^ I^ 25 a^ ar^ccQii&atiT pralucel when impore brazilin, 
whkfi semrascs jss a loross firfxn Bnzfl wood extract on standing, 

Rcs»?r:TEp:I is fcnijer oi^caiiked br fosing meta-iodopbenol,^ 
pben^iIzintriiasalptjoEkie aciX'' cc henzeoianetadisalphonic acid with 
caii5tic p3«ash. Ban ic is also R^med in this way from benzene- 
paratii$aipk>nic acii* and parabivaiophenol, while metabromo- 
phenol a&i orthobromophi»K4 gi^te catechol in addition.^ During 
fusion w-ith potash, intermokcular changes frequently take place. 
On frising phenol for a long time with an excess of caustic 
soda^ hydrogen Ls eTolred. and rescffcinc^ catechol, phloroglucinol, 
QHj'OH J, and diresorcinoL CiJB^'OH»^* are formed. 

That resi>rcinol belongs to the meta-series is shown by the 
fact that it is easily obtained by the diazo-i^action from nieta- 
amidophenoL^^ 

Resorcinol is employed in the manu&cture of different colour- 
ing matters. To prepare it on the large scale, 90 kilos of 
fuming sulphuric acid, of sp. gr. 2*244, are put into a cast-iron 
apparatus furnished with an agitator, and 24 kilos of pure 
benzene gradually added, the mixture gently heated for some 
hours, and the temperature then raised to 275*, in order to 
convert the benzene completely into the disulphonic acid. 
After cooling, the mass is poured into 2,000 kilos of water, 
heated to boiling, neutralized with milk of lime, and the 
gypsum removed by the filter press. The calculated quantity 
of soda is then added to the solution, the calcium carbonate 
separated by the filter press, the solution evaporated to dryness, 
and GO kilos of the product thus obtained fused with 150 

Ann. Chan. Pharm. cxxx. 354. 

/hiil. cxxxviii. 63. ' /^w?. cxxxix. 78. 

Kopp, Ifer. DniUrh. Chem. Gt*. vi. 446. 

Kciriier, ZHtachr. Chcm. 1868, 322. 

IJarth and Senhofer, Brr, DetUsek. Chein. Qes. ix. 969. 

Barth and Senhofer, ibid. viii. 1488. 

Flittlg and Mager, ibid, vii. 1176 ; viii. 365. 

Barth and Schrcder, ibid. xii. 41" ^^ Bantlin, ibid. xi. 2101. 



kilijs of caustic soda iu au iron vessel for eight to nine hours at 
270°. The cooled melt is then dissolved in 500 kilos of boiling 
water and the solution boiled with hydrochloric acid as long 
as sulphur dioxide is given off. The cooled liquid is then sys- 
tematically extracted with ether in a copper extraction-apparatus 
and the ether distilled off. The crude resorcinol thus obtained 
18 heated up to 215°, in order to free it from water and ad- 
heriiig ether, thejosa of which amouuts on the whole to about 
1 per cent. The residue, which contains 92 to 94 per cent. 
of resorcinol, forms the commercial product.' In order to pre- 
pare the pure compound, this crude product la distilled, when 
first water, then phenol, and, lastly, resoi-cinol comes over. This 
can be further purified by recrystallization from benzene, or by 
sublimation. 

Resorcinol is very readily soluble in water, still more reatlily 
in alcohol and ether, but only with difficulty in cold benzene. 
It crystallizes in lai^e rhombic prisms or tablets. It melts at 
118°, boils at 276'5°, but readily sublimes at a lower tempera- 
ture in lustrous silky needles. Its taste is intensely sweet, 
but causes subsequent irritation. In the wann state it re- 
iluces ammoniacal silver solution and FehJing's solution. It 
is distinguished from catechol by the fact that its solution 
produces a violet colour with ferric chloride, and is not pre- 
cipitated by lead acetate. 

In order to detect small quantities of resorcinol, it is heated for 
some minutes with pbthaiic anhydride almost to boiling, and the 
residue dissolved iu dilute sulphuric acid. If resorcinol be 
present, the alkaline solution exhibits a fine green fluorescence, 
fluorescein, which will be subsequently described, being formed. 

991 EeiOTcinol ether, C,jHjoOj, is the name given to a body 

«Iiich is obtained by heating resorcinol with fuming hydrochloric 

' tcid to 180°, when it separates out like a rcsin.^ It is also formed 

Jrhen resorcinol is heated with resorcinoldisulphonic acid ^ as 

U aB by the action of fuming sulphuric acid on resorcinol.* 

V dissolving the latter in a lai^e excess of the acid an orange- 
toloured solution is obtained, which gradually darkens, and turns 
iah-blue, green, and finally a beautiful blue. On then 

sating it to 100° it is coloured purple-red, and on the addition 

' water, yellow (Kopp). The resorcinol ether obtained by 

* BiUTCholliT and Buuh, Jahrei^. 1873, 1137, and 11B4. 

* Barth, Ann. Chnn, Phann. clliv. 1*22 : hn: LeaUeh. Chem. Ot*. Ex. SOS. 

* Nidm and Julius, Manatib. C/um. v. 191. 

* Kopp, Btr. DmUch. Chnn. Get. vi. 417 ; ADniiU«im, tiirf. x. BT*. 
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means of hyflrochloric acid conlains the compound C,,I!i,Oy 
To se(tanite these bodies, the crude product is dissolved in strong 
alcohol, aad an alcohulic solution of lead acetate added, tlielead 
compouud of the ether being precipitated, filtered off, dissolved 
in glacial acetic acid and decomposed by hydrochloric acid ; cff 
it may be covered with alcohol and treated with sulphuretted 
hydrogen gas.^ Kesorcinol ether is a resinous mass, or a fierr, 
browuiah-rcd powder, allowing when pressed a greenish meullic 
lustre. It dissolves in alkalis forming a deep red sulution, wliich, 
when dilute, exhibits a beautiful green fluorescence. On fusing 
it with caustic alkali, reaorcinol, together with other bodies, a 
obtained. 

Hcsorcinol monomrtkyl ether, CaH^(0H)0CH3, is formed, to- 
gether with the dimethyl ether, when resorcinol is heated with 
caustic potash and potassium methylaulphate,- or when resorcinol 
and sodium are dissolved in methyl alcohol and then Iwiled witii 
methyl indide.' The monomethyl ether is an oily liquid, soluble 
with difficulty in cold water, hut readily soluble in hot water 
its solution is coloured tight violet by ferric chloride. It is 
readily soluble in dilute caustic soda, and boils at 243° — 2W. 

ResonAiwl dimethyl clher, CgH^(0CH3)j, is a light mobile hquid, 
having an aromatic smell. It boils at 214°, is not soluble in 
caustic soda and is not coloured by ferric chloride. 

Resorcinol diethyl carbonate, Q^^{0.(I^.C^^JJ is obtained bf 
the action of ethyl chloroforraate on the sodium compound 
resorcinol. It is a thick oily liquid boiling at 298° — 302°,* 

Diacctcresorcinol, CgHj(OCjHjO}j, is obtained by the action 
acetyl chloride on resorcinol and is a strongly refractive liquid, 
boiling with sl^ht decomposition at 278°.' 

Thioreaoreitiol, CaH,(SH)j. is obtained by the action of tin 
and hydrochloric acid on benzenemetadisul phonic chloride, 
CoHj(SOjCl)^" and forms crystals, which have a penetrating: 
odour. It melts at 27°, and boils at 243°. Its lead salt, C^H.SjPb, 
is a yellowish-red precipitate which on lieating with cyanogea 
iodide and alcohol yields the thiocyanate, CgHj(SCN)j, which 
crystallizes in shining needles and melta at 54°.^ 

Thioresorcinol is sometimes found in commercial resorcinol. 

1 Barth nnd WeiJel, Her. DcuImX. 6'Atm. Crj. x. H64. 

' H«bifrmiiin, ibid. x. 807. ' Tieniano and Purnsino, iMit liii, 938S 

* Wnlliich, Jnn. Chtm. Pharm. ccxivi. 8*. 

» Malin, ibid, cxwviii. 78 ; Neucki and Siebor, Jmira. Frail. Ckttn. [3], 
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CHLORINE SUBSTITUTION PRODUCTS OF 

RESORCINOL. 



Melting- Boiiing- 
Point. Point. 



Monochlororesorcinol,CeH3Cl(OH)2, I '^f stSf [ ^^° ^^^ 

Dichlororesorcinol, CQEfil^^OU)^, rhombic prisms 77° 249° 
Trichlororesorcinol, CgHCl3(OH)2, fine needles 83° — 

992 These bodies are obtained by the action of sulphury 1 
chloride on resorcinol. Trichlororesorcinol is also obtained when 
chlorine is passed through an aqueous solution of resorcinol. The 
aqueous solutions of the first two are coloured a bluish-violet by 
ferric chloride.^ 

Pentachlororesorcinol, CgHCl3(OCl)2, is obtained by the action 
of potassium chlorate and hydrochloric acid on resorcinol.^ It 
crystallizes from carbon disulphide in flat prisms, melting at 
925°. It may be heated to its boiling-point without decomposi- 
tion, but a concentrated solution of acid potassium sulphite 
converts it into isotrichlororesorcinol, CqHC13(OH)2, which 
ciystallizes in needles melting at 69°.^ 

Pentachlororesorcinol effloresces in the air, being converted 
into a modification which melts at 65°. This is obtained directly 
when pentachlororesorcinol is dissolved in hot water, and separates 
out on cooling in indistinct crystals.* 



BROMINE SUBSTITUTION PRODUCTS OF 

RESORCINOL. 

Melting-Pt. 

a-Dibromoresorcinol (*) C6H2Br2(OH)2 needles .... 92°— 93 
jS-Dibromoresorcincl («) CeH2Br2(OH)2 long needles . 83°— 85 



o 



993 Tribramoresorcinol, CgHBr3(OH)2r is obtained by the action 
of bromine water on resorcinol.^ It crystallizes in small needles 

* Rcinhard, Joum. Prakt. Chcm, [2], xvii. 321. 

* Stenhoiue, Roy. Soe. Pro. xx. 72. 

' Claaasen, Ber. Deutseh, Chcm. Qe9. xi. 1441. 

^ Liebermann and Dittler, Ann. Chem, Pharm. clxix. 265. 

* Bneyer, ibid, clxxxiii. 57 ; Hofmnnn, Bcr, Deutsdk, Chem,0e§. •^^ *^ 
' Zehenter, Afonatsb. Chenu ii. 478. ■ 

' UUsiwetz and Barth, Ann. Chcm. Pharin. cxxx, 867. 
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which melt at 104°, are soluble with difficulty iii cold water, 
and readily in alcohol. 

Teirahromor&soTcinol, CBBr^(OH)a, is obtained on warmingj 
pentabromoresorcinol with sulphuric acid ; ^ it crystallizes tronij 
dilute alcohol in needles melting at 167°. ( 

PentidyromoTesorcinol, C^hvJS^^v)^ separates out when ft 
concentrated aqueous solution of resorcinol * is poured into bro* 
mine ; it crystallizes from carbon disulphide in tetragonal tabUi 
melting at 113*5°. 

Hydriodic acid and other reducing agents convert it inta 
tribromoresorcinol.' On heating to 160^ it gradually deconir 
poses into bromine and tribromoresoquinone, CgHBrgOj, crystoi 
lizing from alcohol in small orange -coloured needles, which an 
decomposed on heating.* 

Ilexhromorcsorciiujl, C^rjfi^t)^. is obtained by dissolving 
tetrabromoresorcino] in caustic potash, and then adding hydro- 
chloric acid and bromine water. It forms monoclinic ciystalv 
which melt at 136°, and by the action of tin and hydrocMoriQ 
acid arc i^ain converted into tetrabromoresorcinol.* 



IODINE SUBSTITUTION PRODUCTS OF 
RESORCINOL. 

Mono-io(hresorcinol, C^^{0^^, was obtained by Stenhoiua 
by gradually adding lead oxide to a solution of resorcinol and 
iodine in ether. It crystallizes in rhombohedral prisms melting 
at 67°.« 

Tri-iodoresoiTi'iwl, C^HIj(OH),, is obtained when chloride ol 
iodine is addud to an aqueous solution of resorcinol/ or whetu 
this body is placed iu a solution of potassium iodate and iodinw 
in potassium iodide.^ It crystallizes from carbon disulphide iw 
needles melting at 154°. 



' Claa-sMn, Ber. Deiiiteh. Chan. G'a. xi. IJiO, 
' Rteahou^a, Ray. Sue. Fro. xx. 72. 
' Reofldikt, Mouatiib. Chcm. i. S.'il. 

* i.ieberm»nn ilnd Dittlfir, j(nn. Chan., Pliarm. cliii. 25fi. 
■ BenHlilit, Monalab. Chan. I Sefl. 

• Stenliome, Clum. Nnwt. xxvi. 2?(l. 

' Mkliftfl and Norton. Jler. Devlirh. Omit. Gig. in. 1752. 
' CIuisMD, ibid. ii. HIS. 
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NITRO-SUBSTITUTION PRODUCTS OF 

RESORCINOL. 

994 Mononitroresorcinol, CgH3(NOo)(OH)2, is obtained in two 
isomeric forms, together with other products, which will be 
described later on, when an ethereal solution of resorcinol is 
treated with nitric acid containing nitrous acid. They can 
readily be separated by distillation with steam. The volatile 
nitro-resorcinol, (OH : NOg : OH = 1:2:3), ciystallizes from 
dilute alcohol in orange-red prisms melting at 85°, and having 
an intense smell like that of orthonitrophenol. 

The non-volatile nitroresorcinol, (1:4: 3), forms lemon-coloured, 
hair-like needles melting at 115°. Its salts, which crystallize 
well, have a deep yellow to orange-red colour.^ 

Fuming sulphuric acid converts it into nitroresorcinol ether, 
[CjH3(N02)OH]20, which crystallizes in light rose-coloured 
needles, or in brown warty masses containing one molecule of 
water. It forms two barium salts, and is converted by con- 
centrated nitric acid into trinitroresorcinol.^ 

Dinitroresardnol, CgH2(N02)2(OH)2, is formed by passing 
nitrogen trioxide through an ethereal solution of dinitroso- 
resorcinol. It crystallizes from alcohol in small, light yellow 
plates which melt at 142°, and are converted by dilute nitric 
acid into trinitroresorcinol.^ 

' Isodinitraresorcinol, CgH2(N02)2(OH)2, is obtained when di- 
acetylresorcinol is converted by the action of concentrated nitric 
acid into the dinitro-compound, and this decomposed by hydro- 
chloric acid.* It forms small, light-brown, shining plates, which 
melt at 212*5°, and are not attacked by boiling nitric acid 
(Benedikt and Hubl). 

Trinitroresorcinol, or Styphnic Acidy CgH(N02)8(OH)2. — On 
boiling logwood extract with nitric acid, Chevreul in 1808 
obtained a crystalline body, which he considered to be a com- 
pound of an oil, or resinous matter with nitric acid ; not only is 
its mode of preparation very nearly identical with that of Welter s 
Bitter (Picric Acid), but it also forms explosive salts like this 

* Flitz, Ber, Deutseh. Chem. Ocs. viii. 631. 

' Weselsky and Benedikt, Mtmaisb, Chem, i. 887 ; Hazura and JaliuB^ Monatsh. 
Oktm. ▼. 188. 
' Benedikt and Hfibl, MmaUh, Chem, ii. 328. 
^ Typke, Ber, JktUgch, Chem, Ges, xvi. 551. 
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body.^ Erdmann then found, in 1846, that by the action of nitrit 
acirt on euxanthic aciJ, C,gH,gOi||, tlie magiiesium salt of whiclij 
occitra in commerce undar the name Purriie or Indian yellow, an, 
acid is obtained to which he gave the name of oxypicric acid, 
because it contained an atom of oxygen more than picric acid.* 
About this time BOttger and Will observed that -when certain 
gum-reaius or vegetable gums, as well as the enrtracts of different;^ 
dye-woods, bodies which we now know yield resorcinol on fusiotr:^ 
with potash, are boiled with nitric acid, an acid similar to picri -^^ 
acid is obtained, which they named styphnic acid, because fc_t 
does not taste bitter, but astringent {trrvipvoi;').' They pe:mr- 
ceived that this body is identical with Chevreul's substance, ai»_«i 
supposed that this was also the caae with oxypicric acid, a vie -^r 
which Erdmann confirmed.* Schreder showed that it is tr— i- 
nitroresorcinol,' and Stenhouse afterwards obtained it by lY^c 
action of nitrosulphuric acid on resorcinol." It ia also formed t»i" 
the continued action of fuming nitric acid on metanitrophenol ^ 

To prepare styphnic acid, dissolve finely-powdered resorcinoJ. 
gradually and with continual stirring, in 5 to 6 parts of 
concentrated sulphuric acid warmed to about 40° ; then cooi 
down to 10" — 12°, and add by degrees 2 to 2 5 times the theo- 
retical quantity of nitric acid, adding at first concentrated aciri 
mixed with 10 per cent, by weight of water, then concentrated 
acid without admixture of water, and finally finning acid; 
during this operation the mixture must be continually agitated. 
It is now allowed to stand overnight, and is then brought into 
1'5 to 2 volumes of cold water and passed through a vacuum 
filter to separate the crystals from the mother-liquor, Ou 
evaporation a further crop of crystals is obtained.^ 

Styphnic acid separates from its solution in dilute alcohol in 
larae, sulphur-coloured, hexagonal crystals, which melt at 175'5", 
&T& dissolve in 165 parts of water at 14°, more abundantly in 
hot water, and readily in alcohol and ether. From its aqueous 
solution, which has an acid reaction, it is precipitated by even a 
small quantity of a strong acid (Stenhouse). 

The aiyphnates. — Styphnic acid forms two series of yellow | 
coloured salts, most of which are only slightly soluble, and, on 

' Ann. Chem. Ixvi. 246 ; Ixxiii. 43. ' Jounu Prtil-L Cliaii. xirrii. 40B. 

' Ann. C/ifia. Phlnn. Iviii. 273. * •Toiini. Prnlt. Chrm. ruviii. 355. 

' Ann. Chnn. Fharm. clviii 244. * C/y.ia. Ntini. xiii. B3. 

' Italillin, Her. Dait4ek. Chan. Gc». xL 2101 ; llenriijue^, IMuyn Jim. 215, 



ting, explode more violcutly than the picrates (Bottger and 

Will). 

by lite actioQ of iiitrosulphuric acid on resorcinol dimethyl 
'ilicr; it crystallizes in small plates, melting at 123° — 124°.^ 

I'Uthffl annate, CbH(N 0^)3(0 CjHj)j. is obtained by. the 
niioa of etbyl iodide on silver stypbnate, and crystallizes in 
long plates, which melt at 120o°, and are quickly coloured 
orauge-brown in the light (Stenhouse). 

By the action of alcoholic ammonia it ia easily converted 
into trimtrometadiamidobenzene, CaH(N0j)s(NH5)s, a yellow 
crystalline powder, which is only soluble with difficulty in the 
ordinary solvents, and on beating with dilute caustic soda is 
converted into sodium stvphnato. 

Styphnic acid can only have one of the following formulse, 
Waufe it is obtained &om metanitropbcnol. 



OH 
N0„ 



OH 



NO, 



OH 

NO, 



In the first, as well as in the second formula, two nitroxyls 
srt found in adjacent positions ; and, according to Laubenheimer's 
rale, by the action of ammonia or alkalis one of these should 
'* replaced by the amido-group or hydroxyl, which is not the 
'Jse; therefore the third formula represents the constitution of 
fiyphnic acid.* 

Stsorciitol indopkane, CgHjN,Oo. — The potassium salt, 
t'jH,K,N,Og + H.fi, separates as a dark-brown, metaUic- 
I'H'king. crystalline mass, when warm solutions of potassium 
'ranide and potassium stypbnate are mixed. It explodes on 
WtiDg, and yields, on decomposition with dilute sulphuric acid, 
free resorcinol indoj>hane, which forms needles having a metallic 
luatre and dissolving in water forming a bluish-violet solution.' 

TftranitroresordTKl, Cg(N0Jj(0H)2, is obtained, as already 
Jlnt«d, together with trinitropbenol and stypbnic acid, by the 
further nitration of 7-dinitrophenol. It is only slightly soluble 
in water, but readily in alcohol, and crystallizes in colourless or 

' Btr. DmUeh, Chnn. (la. xL 1043. 
> Miilting uiil Collin, ilAi. xvii, 259. 
» SeUrader, Ann. Chcni. Pliana. cUiii. -in.- 
fOU m. — PART III. 
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yellowiflh needles, which melt at 166' and sublime easily. Il ii 
however, atill questionable whether thia compound is a derivaliv 
of resorcinul. 



Faradihydkoxvbenzkjif., Htduoquinone, oh QriNOL, 
C\H,(0H)2. 

995 By the dry distillation of quinic acid, Caventou an 
Pelletier obtained a crystalhne bi>dy, which they did not thi 
roughly examine, but named pyroquinic acid. Wohler,^ howev^ 
gave it the name of hydroquiuone, because it is readily form^ 
by the combination of hydrogen and quinone, C'nH^Oj, which is f^ 
oxidation product of quinic acid and will be descobcd later o:» 
Ho found that tliis reduction can be performed with hydrioii 
acid and tellurettcd hydrogen, but that hydroquinoue is best ol" 
tained when sulphur dioxide is jtassed through a warm satumti 
solution containing some undiasolvetl quinone, 

C„H,Oj + 2Hp + SOj = C„HoOj + SO^H^ 

Besides these, almost all other reducing agents convert quii 
into quinol. 

Quinol is also formed by fusing pava-iodophcnol with caugtA 
potash,' and by boiling paradiazobenzene siiljthate with dilul 
sulphuric acid.' 

The formation of quinol from succinic acid and acetoaceUo 
acid is very interesting. By the action of sodium on the ethyl* 
ether of the former, succino-succinic ether (Vol. III. Part II, 
p. 189) is obtained, which is also formed when broraaceto-acetiff 
other is treated with sodium.* 
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1 Am. Glum. Fhana. li. 145 ; liv, 349. 

* Kiimer, ZfUneK. Chcm. ISSa, 623 And 731. 

* Wemlihy inil Sclmler. Brr. De%tlf:k. C/inn. 
' Duinberg, Hid. xri. 133, 



Sy tlie action of bromine this is converted into tlie cliethyl- 
Hberofquinoldicarboxyliu acid, CjH,Oj(COjH)j. The free acid 
[^TitftUizes from hot water in hair-like needles. Its solution is 
oJoured pure blue by ferric chluride. On dry distillation the 
uid is decomposed into quinol and carbon dioxide.' 

Qninol is also fuund in the distillation products of the salts of 

iuccinic acid.* 

In order to preiiare it. quinone, which is best obtained by the 

ition of aniline, is employed : 1 part of anihne is dissolved 

pis. of sulphuric acid and 30 pts. of water, and a solution of 

8'5 pis. of powdered potassium bichromate gradually added to 

tiie cooled solution. Potassium sulphite is added to the brown 

liquid thus obtained, and the whole extracted with ether.* 

The Iftttor is then distilled off, the residue dissolved in the 

SDiallest possible ([uantity of hot water, sulphurous acid and 

soimal charcoal added, and the solution boiled and filtered,* On 

(UndiDg. the quinol separates out from the filtrate in hexagonal 

riiorabobedral prisms, which sublime on heating in monoclinic 

pJawa. These, on recrystailization from hot water, reproduce 

"yslals of the fonner kind.* Quinol is therefore dimor[>hous ; 

"■ lias a slightly sweet taste, melts at 169", and distils without 

''ocompjsition. It is readily soluble in hot water, alcohol, and 

"ther, and slightly in cold benzene. On fusing with caustic 

["Jtash it remains unchanged ; if its vapour be passed through a 

'nbe at a low red heat it is decomposed into hyilrogen and 

'iuinone.* The latter is also very easily formed by the action of 

'-•xidizing agents, for which reason quinol reduces silver nitrate 

^'jlution on warming, and Felding'a solution even in the cold. 

Ferric chloride also easily oxidizes it, by means of which re- 

iwtion it can be readily distinguished from its isomcrides. It also 

differs from catechol in not being precipitated by lead acetate. 

On dissolving it in a hot solution of this salt, the compound 

2[0,HgO, + (CuHjOj)jPb] + 3HjO separates out on cooling in 

■ •bliquf, rhombic prisms (Wohler). On passing sulphuretted 

hydrogen through a cold saturated solution of quinol, gently 

warming until crystals appear, and then allowing the gas to 

I nernn.-mn. Bur. Dcuttr.h. CUin. Ov*. xTi. Ull ; Ann. Chfm. Fharm. ccxi. 
SOB. 
' RirhUr, Jimnt. Prakt. Chem. {2], xz. 20T. 
' NieUki, Bar. DetOtch. Chem. Oai. n. 2003 ; xi. 1102, 

* Ekstrend, iftW. xi. 718 ; an also Scydt, iiiit xvi. flS7. 

* Iiulimitiin. ^nAreft. Chem. 1877, SOB. 

* HIiwiwftK, Ann. Chfm. Phnrm. clixv. 6S ; clxxvii. T,iii ; He^^.i, Ibiil rsiv. 



AROMATIC COMPOUNDS. 

stream througli until theao are redissolved, the compoi 
{CjHgOj),SHj separates out on cooling in colourless, traasparei 
rhombohedra, wliich are odourless, and stable in the dry stal 
Cold water decompoaea them slowly, hot water quickly, intfti 
their constituents. By eraployiiig a saturated solution warmed^ 
to 40°, long, colourless prisms of the composition (CcHpOJ^IL^ 
are obtained, which behave like the preceding compound.' Otrz! 
passing sulphur dioxide through a solution of quinol, yello^v^ 
rhombohedra of the composition (CgH502)3SOj, are formed, wbicTlfc 
decompose on beating.* 

996 Quinol methyl ether, CflH,(OCHj)OH, was first obtainecz3, 
together with quinol. as a decomposition product of arhntin. IT t 
is formed together mth the dimethyl ether by beating quinol witl 
caustic potash and potassium methyl sulphate to 170°." It is 
more easily obtained by digesting 1 pt. of potash, 2 pts. quinol, 
3 pts. methyl iodide, and some methyl alcohol in a flask connected 
with an inverted condonser, until the alkaline reaction disap- 
pears. The methyl alcohol is evaporated off aud the residut 
distilled in a current of steam, when the dimethyl ether cornea 
over. The residue is then extracted with ether and the latter 
distilled off, the inonometbyl ether, together with some quinol, 
remaining behind. These are then separated by cold ben- 
zene, in which the methyl ether is readily soluble ; after tha 
removal of the benzene this is rectified.* Tt crystallizes ii 
rhombic plates or prismatic tables melting at 53° and boiling 
at 243°. It is not oxidized by ferric chloride, but reduces silv) ' 
nitrate solution on warming. 

Quinol dimethyl ether, G^KJiOCH^^, is best obtained h 
warming 10 pts. of quinol, 12 pts. of caustic potash, and 30 pti 
of methyl iodide diluted with double the volume of wood spiiil 
under an extra pressure of 200 mm. in an apparatus connectc 
with an inverted condenser. On rectystallization from meth^ 
alcohol or ordinary alcohol, it is obtained in splendid plate 
melting at 56°.^ It behaves towards ferric chloride and silvt 
nitrate like the preceding compound. \V'hen 15 to 20 volumi 
of ether are added to a concentrated solution of the meth] 
other and caustic potash, the phunate, CoH^(OCH3)OK, separate 

' Wohler, Ann. Chen. Pharia. Ixix. 29*. 

* CUmm. ibid. ex. 357 ; sue a1>o Hea», ibid. cxiv. SOU. 
^ IllssiwsU uid Hsbemiiinn. ibid. olxKvii. 33S. 

• Ilesu, Gyid. oc. 2B4 : Tlcmnim, Ber. Dcntich. C/um. Get. xiv. 19Si. 
' MuhllUiiucr, Ann. Chein. Fhami. ccrii. S52. 



AEBUTIN. 



140 



t as a crystalline powder, or, when thu materials are not 
Dhjdrous, in crystalline tablets.' 

iinol cthijl ether, C^n^(OC^'tI^)OR. 13 readily soluble in tot 
r, and crystallizes in very thin, satin-like needles ; it melts 
It 66* and boils at 246°— 247°.» 

QhihoI diethyl tihrr, C^H/OC^Hg),, forms large thin plates. 
»iiich melt at 72° and are volatile in steam.' 
Fiala* has prepared the following mixed ethers of qninol; 
■ these botiies possess an aromatic odour resembling fennel, and 
V^e a burning tasto : 

Melting roinC. 



p Ti f OCH, 

p XT / OCH3 



crystals. 



crystals 



39°. 



'^«^*{oC^,(CH3), '''!"''' 



i 



997 ArhUln, Cj,H,nO;. — This glucosiJe was found by Kawalier 
in the leaves of the bearbeny {Arbutus s, Ardcstapki/los uva-itrsi), 
and he showed that it is decomposed by emulsin into glucose 
iiud arctovin." Strecker. who recognised the latter compound as 
quinol, proved the composition of arbiitin, and also effected its 
decomposition by boiling with dilute sulphuric acid." He also 
found it in the loaves of the wintergreen {Pyrola wmhellaiii)? 
In order to prepare it, the leaves are boiled with water, lead 
acetate added to the solution to precipitate tannic acid, &c.. and 
the filtrate treated with sulphuretted hydrogen and evaporated. 
Arbutin crystallizes from boiling water in long silky needles 
containing half a molecule of water of crystallization, which is 
Bven off at 100°. It tistes bitter, and gives a light blue colour 
ferric chloride. By heating it with acetic anhydride, 

) pentacetate, Ci2Hjj(CjHsO)^Oj, which crystallizes from hot 

sohol in needles or plates, is obtained. 
[ Tliese different reactions show that arhutin is an ether of 



^ Micliacl, Amrrie. Chfvi. Jmim. v. 176. 

nJi, Jmtrn, Pratt, Chem. 12], iiii. 
__w. ffM. wi. ir.01, 

* lUkowski, Ncua nat<dte6rUrh. ii. SflO. 
i Monattb. CSejn. v. 239. 

* Ana. Chan. Phami. Uxx'iv. 356. 
K^wenger wiJ Hinun'sliniuiti, ibid. cxxs\. 2i 



: ■Wiohdlinds, ffw. DriiUh, 
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destraee, and at tLe same time a phenol ; it^ constitution ia I 
therefore exjiresseii by the following formula (Schifi):' 

i 
;OH.OH), 



Hlasiwetz and Habertnaun proposed for arbutin the 
mula CgHj,0„, because they found that on decompositian it 
yielded equal molecules of quinol and quinol methyl elber.' 
Arbutin is, however, more probably, a mixture of the gluco- 
sides of both compounds,* and, indeed, the analyses of different 
preparations show varying relations. By the fractional crystal- 
lization of such a mixture, Schiff succeeded in obtaining t 
pure normal arbutin crj-stallizing in needles, 2 to 3 centimetres 
in lengtli, which, after being dried at 110° — 115°, melt st 
165°— ltie°/ 

On the otlier liand, he could not then obtain a metJiylarlititiji, 
C|jHji(CH^O;, free from arbutin. Michael, however, obtaiueJ 
it artificially, by allowing a solution of 11 parts of the above- 
mentioned potassium compound of metbylquinol, and 25 parts 
of aceto-chlorohydrose, in absolute alcohol to stand for several 
days (see Phenolglucosido, p. 107). It crystallizes from water in 
long, silky needles, containing half a molecule of water of 
crystallization, and melting in the anhydrous state at 168° — 169°. 
Methylarbutin gives no colour with ferric chloride ; it is easily 
decomposed on heating with acids or in presence of emulstn." 

Schiff then obtained this compound by heating a soKition of 
ordinary arbutin, methyl iodide, and caustic potash, in methyl 
alcohol. It contained one molecule of water of crystAllizatioii, 
and melted in the anhydrous state at 175' — 176°. He also 
found that mistures of both glucosides melt lower than either 
of them separately, and believes that the tnie melting-point of 
pure arbutin is somewhat higher than I905°, the temperature 
which he had previously observed.* 

DiaKtoquinol, GhH,(0C^H30)., is obtained by heating quinol 
with acetic anhydride or acetyl chloride, and crystjillizes in tables 

' S('liiff. Ann. Chrm. Fharm. fliv. SS?. 

' ibiiL plixvii. sta. 

• Fittift, Org. Chen,. 10 Aufl. 63S. * Ann, Cluui. Phnrnt. ivvi. 159. 

• Avurrie. Ckrtn. Joum. v. 178 ; Brr. Dfvitfh. CMria. Oa. hit. SOiB. 

• Ber. ZtttilJKh. Chem. Ga. nv. 1841 i Hvalio lirbit/, Atrn. ,vxxl 
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DEBITATTTE9 OF QUIXOL. 



l.(ir{ilsles. melting at I ^3° — 124°. and readily atblininig in nwaUes. 

I It 13 readily soluble in benzene aad etlier, and oli^t^ ia bIdoImI 

guKihot water.' 

Quiml etkylearhonaU. C^^(0.COfifi^ is obtained hj tke 

I utioD of ethyl cblorocarbonate on a mixtare ot cn n ati e potadb 

I'lnd quinol ; it crystallizes &om abaalate alcohol in hijge nrrdln. 

I fbich melt at 101% boil at 310'. and are not attacked by alkalia 

r or acids even on wanning.* 

Atttatu^inol, C^ifi^Cfifi, is olAained by the direct com- 

' linatioa of its constituents and tomts beaotifal, tia p qi ar gnt, 
monoclinic crystals, which give off acetone in the air and 
become opaque without falling to powder. Thk body has an 
Uialogoos composition lu quinhydrone (s^e pt 1&4).* 

Thioquinol, C«H,(SIf)^ may be obtained by the actioo uf 
till and hydrochloric acid on henzenedi^olpboDyl chloride ; it 
crystallizes in Gmnll six-sided plates, melting at 98*. Its lead 
Bait, CjH,SjPb, is a yellowish-red predpiute.* 



CHLORINE SUBSTITUTION PRODUCTS OF 
QUINOL. 

998 These bodtE'^ arc not formed by the direct action of 

oloriue on quinol. because the latter ia thereby converted into 

inone. They can, however, be obtained by reducing the salsti- 

ntion products of quinone, as well as by treating them with 

[drochloric acid. 
I Chhroquinol, CflHL,Ci(OH)j, is obtained by treating quinone 
irith concentrated hydrochloric actd (Wohler) *, and by the 
of sulphurous acid on chloroquinone (Stadeler)." It 
I readily soluble in water and crystallizes in prisms melting 

[ B-Dichlffro^inol, C'<,H,Clj(OH)j(Cl : CI = 2 : 5). was prepared 
y.StjideWr from the corresponding dicliloroquinone ; it is also 
ined by the combination of monochloroquinol with hydro 

F» Rakomki, Arwf HandtBSrifrb. u. 6B0 ; How*, Jn*. Chan. Pharm. w. S41 
TUtiki, Btr, DcuUch. Chan. Gts. xu 470. 
» Bender, Btr. DaOtck. C'Aewi. Oa. xiii. 897 ; WnUauh, Aan. Ch 



' Habermatin, itanal/ib. Chr.ni. r. 3SS. 

* ESmer aud Honseliao, Jahfibcr. 187d, 450. 

■ Ana. CKem. Pharm. U, 15S, 

T L*»f and Schulli, Ber. Dn'lvK fhrm, Grt, i 
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cliloric iiciii (Levy and Scliultz). It Is much more readi 
soluble in hot water than in cold, and ciystallizea in very lou^ 
needles, or short, thick prisms, melting at 16-t'. 

ff-J}ichioroqmnol (CI ; CI = 2 : 6), is ohtained by rediicitg 
j8-dichloro*pinone. It crystallizes from dilute alcohol in small 
yellow plates, melting at 157° — 158°,' 

Trkhloroquinol, CuHCl3(0H)j, is formed by the action of 
sulphurous acid on trichloroquinone,* and, together with ti 
cidoroquinone and other products, when benzene is treated wi 
potassium chlorate and dilute sulphuric acid* It is aligh- 
soluble in water, readily in alcohol, and crystallizes in 
melting at 134°. 

Telrachloro^uinol, CgC\^(0'S)2. is obtained by the reduction 
tetrachloroquinone (Stadeler, Griibe). It forms plates wlii« 
are insoluble in water, but which readily dissolve in alcohol and 
alkalis, and reduce silver solution. On heating in a current o 
air it sublimes in long flat needles, with partial decomposition. 

Its dimethyl ether, CgCl4{OCH3)g, is formed by treating t 
solution of quinol dimethyl ether in acetic acid with chlorine 
It crystallizes in needles, which melt at 153° — 154° and sublime 
without decomposition.' 



BROMINE SUBSTITUTION PRODUCTS OF 
QUINOL. 

999 These are formed in a similar way to the correspond- 
ing chlorine substitution products, but can also be obteuned 
by the direct bromination of quinol, 

Sroj/wquinol, CflH,Br(0H)2, is obtained by the combination a 
quinone and hydrobromic acid,' as well as by acting upon ai 
ethereal solution of quinol with a solution 6f bromine in 
chloroform,* It is very readily soluble in water, and crystallize 
from petroleum spirit in lustrous silky plates, melting at HO' 
—111°. 

Dihromoquinol, CgHjBrg(OH)j, is obtained by the action ( 
bromine on a warm solution of quinol in acetic acid,' and ia ait 

' Fsnst, Ann. Chem. Pharm, Suppl. vi. 154. 

* StaJeler, GHlIio, Hid. cxM. S5 ; SUnhouao, Jmtn. Chen. Soe. ixL 141 
' Krufft, Ber. Deiittch. Chem. Get. x. 797. 

* Haherntann, ihid. li. 103S. ' Wkhelhaiu, ibid. lil. 1504. 

* SaraniT, Zirbii/'ii Ann. ecix. 10&. 
' llonc.iikt, Moitatth. Chm. i, 34B. 



DERIVATIVES OF QUINOL. 



when quinone (Wichelhaus) or bromnquinone (Sarauw) 
rated Witt hydrobromic acid. It is scarcely soluble in cold 
«r, and crystallizes from a. boiling; solution in long needles 
MlJBg at I8G°. By mising solutions of bromine and quinone 
I chloroform, a compound isomeric with dibromoquinol is 
ined, which crystallizes from petroleum spirit in aulphur- 
jored needles melting at 86° — 87° ; on heating with water it 
ckly decomposes, liydrobromic acid and bromine being formed, 
1 standing it ia gradually converted into dibromoquinol 
ftuw). This peculiar addition product has probably the 

Doiring constitution, CoHjBr \ qtj 

Tninmioquiiiol, CgHBr3(0H),, is formed by the action of 
lydrobromic acid on dibromoquinol, as well as by that of 
iiHinine on quinol or quinone (Sarauw). 

CIjHjOj + 2Br^ = CoHjBrpj + HBr. 

It ia very slightly soluble in cold water, readily in hot, and 
CTjTBtallizes in silky needles melting at 136°. 

Tdrnhromoquinol, CgBr,(OH)j, is obtained by the action of 
tulphurous acid on tetrabronioquinone,' or by treating it with 
iiyiiriodic acid and phosphorus.^ It ia further obtained by the 
rambioation of tribromoquinol with hydrobromic acid, and by 
tlie action of bromine on a solution of quinol in acetic acid 
{SirsQw). 



NITRO-SUBSTITUTION PRODUCTS OF QUINOL. 

1000 NitTtxptiTwl, CgH3(N02}(OH)j, is not known in the free 
tote; but several of its ethers have been obtained by the 
■ction of nitric acid on quinol ether. 



Mmomethylether,C,H,(NO^(OCH0OH, [ ""'^Ses ""^ } ^^° 
Dimethyl ether, CjHjCNOj)(OCHs)„ golden yellow needles 71-5° 
Monoetbyl ether,cX(NO^(OCjHs')OH,deepyellowneedle3 83" 
Diethyl ettier, G^(:^0^{OC^n^^ golden yellow needles 49" 



DinUroquinoI. 2C„H/N0j)j(0H)j + SH^. was obtained bj 
Sti'ecker by boiling dinitro-arbutiu with dilute sulphuric acidj 
and by Nietzki by treating the diacetale, described bolow, wit|| 
cold caustic soda.^ It crystallizes fruiu Lot water ia fine flal 
needles having a goldea lustre, which loee water of crjslalJ 
lizatiou at 100° with disintegration, and then turn brown au^ 
melt at 135°- — 130°. It colours the skin a carmine red. Itfl 
yellow solution is coloured first blood-red. and then bluish-i 
violet by the gradual addition of an alkali. Its amnioniaod' 
solution is coloured purple-red on boiling, leaving nietaUic-greea! 
crystals on evaporation. | 

Its ethera are obtained similarly to those of nitroquimine,' 



Monomelhyl ether, C„H,(NO0,(OCH0OH, | ^^jjj | ^^^ 
Dimethyl etber,CoH,(NOJjCOCH,)j j /^^^t^^s } 160°-17O 



1" brownish) 
Monoethyl ether, C„H3CSOj),(OCjH3jOH,-^ yellow |- 1\ 



, '> jeiiow V 
(, needles J 

o-Diethyt ether) , , tt /v(\ \ /nn w \ / lemon yellow plates 178 
>9-Diethyl ether; '-"^»^-^"^*^*^^»^*l „ „ „ 131 

DUiMlodinUroqiiiml, G^\i^{^0^^{OC^fi\. is obtained tij 
dissolving quinol diacetate in fuming nitric acid,* and crystalliil] 
from alcohol in sulphur- coloured needles melting at 96°. 

Trinitroqidml, CoH(NOj)g{OH)y— The dimethyl ether of thj 
substance is obtained by adding a solution of (juinol dimetln 
ether in acetic acid to a well-cooled mixture of nitric an 
sulphuric acids ; it crystallizes from alcohol in long, yelloj 
needles which melt at 100° — 101° (Habermann). j 

The diethyl ether is obtained by tho nitration of both the dj 
niti'oquinol diethyl ethers, and forms long, straw-coloured ueedlf 
melting at 133° (Nietzki). ' 

' ^HB, Chna. Plinnn. SQp|.l. cxviii. 293. I 

* Ber. Ikidtck, Chan. Oa. ri. 470. ' 

' Wiweldkv and Beoedikt, Monaitb. Cluin. i 



QUINONE. OR BENZOQUINONE, CgSfi^ 

I 1001 Woskresejisky olitaJiied this body by oxidizing quinic 
I with mangauese dioxide and sulphuric acid, aud named 
Iquinuyl,' a name which was changed by Berzelius to that 
» used. It is also obtained by the oxidation of quercitol, 
1,(0H)5, (rule p. 193),' caffetannic acid, the extract of coffee- 
, the leaves of the coffee ehriib, the holly, and other 
iBts,* as well as several para-disubstitution products of benzene, 
i8p&radiamidohenzeue,*parainidoBhenol,*paramidobenzeoe- 
■Iphonic acid (sulplianilic acid),* phenolparaaulphonic acid,' &c. 
i also formed by the oxidation of aniline (Hofhiann), in 
I way it is beat obtained. Tlie method of preparation is 
lAe same as that described under quinol, but another part of 
I bichromate is added to the brown solution, and the 
riiole heated for some hours to about 35°. The cooled solution 
B tlieii extracted with ether, which on evaporation yields the 
pinone in golden-yellow plates.* It can also he obtained by 
m&e direct oxidation of benzene. When 4 parts of this are 
S^ntly heated with 1 part of chromium oxychloride, CrO,Clj, 
Wrochloric acid gas is evolved, and a brown precipitate separates 
'"It, which probably has the formula, CyHj(OCrOCl)j, since it is 
'iiTOiuposed by water into chromium trioside, hydrochloric acid, 
^iiii i]uinone. which remains dissolved in the excess of benzene.* 
^Fohler, who first closely examined the quiiione prepared fi'om 
fiinic acid, describes it as follows : '" " There are probably few 
mibataiices which have so great a jwwer of crystallization as 
this. When even small quantities of it are sublimed, crystals 
ai'e obtaineil an inch in length. After being melted it solidifies 
tn a crystalline mass. It dissolves in quantity in boiling water 
with a reddish -yellow colour, and. when this solution is cooled, 

RItollizes out in long but less transparcut prisms, which are 
... 
Pnuiii 
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'Hofmftmi, Jahntb. 18fl3. 415. 
' Komer, Kekulfs Oty. Chem. iii. 103 ; Ancinwen, Ji»ir». I'mii. CIkii. [i], 
tiiiL 173. 
' AJot and Meyer, Ann. Chrm. Pharm. eWx. 7. 
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aomewhat darker and of a less beautiful yellow than those 
obtained by sublimation." 

" Its sulution slaina the skin permanently brown. It is so 
volatile, that, even at the ordinary temperature, it sublimej 
from one side of the vessel to the other. Its strong ofonr, 
whicli irritatfs both the eyes ami nose, causes an after-effed 
similar to that pnxluccJ by iodine or chlorine." 

Quinone ia readily soluble in hot alcohol and petroleum Bpirit, 
crystallizing from tlie latter in beautiful yellow prisms.' which 
melt at 1157°.' Hofmann found its vapour density to be 3*72- 
379, by means of which determination its then somewhrt 
doubtful molecular weight was confirmed.* Its alkaline solution 
quickly turns dark brown, and its aqueous solution a dark 
yellowish-red in the air, and the latter deposits a blacluih- 
brown substance (Wcihler). In presence of sodium acetate 
this decomposition takes place more ra[jidly, particularly on 
warming, the acetate, however, remaining unchanged. At the 
same time a certain quantity of quinol is obtained, which can 
be isolated by extracting with ether.* That it is easily converted 
into the latter substance by reducing agents has been already 
stated. It acts therefore as a strong oxidizing agent, and 
decomposes hydriodic acid with separation of iodine. It ifl 
not poisonous, in spite of its strong smell and iU action oD 
the living skin ; 5 and even 1 grm. given to a ilog produced 
no effect. It could not be found in the urine, and what had 
become of it conld not bo ascertained." 

To detect quinone dissolved in water, a few drops of a saturated 
solution of hydrocaerohgnone, C,jH,(OCHj)((OH),, are added. 
The solution immediately turns a yellowish-red, and then, with 
a further colouration, deposits steel-blue, iridescent needles of I 
caerolignin, CtgHj(OCH3}jOy In this way 1 part of quinone in 
200,000 parts of water can be detecteil. In more dilute solu- 
tions the separation of crystals does not take place, but th« 
colouration is still produced by 1 part of quinone in 1,000.000 
parts of water. " 

Dihydi'orijquinone, C8Hj{0H)(0j, is not known ; its dimethyl 
ether, CgHj(OC 113)^01, is obtained" by oxidation of the dimethyl 
ethers of propylpyrogallol and acetopyrogallol {vide post). li 

' Uca»e. Ann. Oum. Pharm. re. S4I). ' !!«*•, ibid. Mli». 300. 

■ IltT. DfitUch. Chna. art. iii. 593, » Hmbo, LUbig'M Ann. txxx. 885. 

' Wi^ilpr nnd Frarichn. .,Jii». C>iem. Pharm. Ixv. 343, 

' Ucbmnsrin, Sur. Ikvith. Vhfm. 0*», x. 1815. 
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irystallizes in yellow needles, and is converted by reduction 
iiito tetrahydroxybeiizeue dimethyl ether. CeHg(OCHs)j(OH)j, 
which forms colourless ueedlea melting at 160°. Equal inole- 
>.'iil(!S of the two ethers form a compound, which uiystallizes 
ill heautifiil red needles' (seo Quiuhydrone). 

TrihydroxyqHinoru. CoH(OH)jOj, is obtained when the hydro- 

II chloride of amidodi-imidoresorcinol ia heated with hydrochloric 

^*adtol40°— 150°. 

^B C,H(NHj)(OH),(NH), + 3H,0 - C,H(0H)30, + SNH^. 

H It forms dark, brass-coloured scales, or an amorphous, almost 

tlack powder insoluble in water, scarcely soluble in ether, and 

"liglitly soluble tn boiling alcohol. It dissolves in alkalis, form- 

"iga brown solution, which ia precipitated by metalhc salts. 

^iiua, by addition of silver nitrate to its alcoholic solution, the 

silver salt, CflH(AgO)30j, is obtained as a blackish-brown pre- 

*^^pitatc, which on drying becomes almost black with a shade of 

S*een, and by reflected light exhibits a yellow metaUic lustre. 

Acetyl chloride forms the triacetate, 0^11(0 C2H„0)30j. which 

italtizes from glacial acetic acid in dark, ill-defined scales.^ 






CHLORINE SUBSTITUTION PRODUCTS OF 
QUINONE. 

0O2 MoiKxldoroqidnonc. CflH^jClOj, is obtained by distilling 
a salt of quinic acid with common salt, manganese dioxide and 
diluU- sulphuric acid,* as well as by oxidizing chloroquinol with an 
ice-cold solution of potassium bichromate in dilute sulphuric 
acid.* It is readily soluble in water, alcohol, and ether, and 
forms yellowish-red rhombic crystab, smelling like quinone, 
melting at 57°, and volatilizing at the ordinary temperature. 

Paradichloroquinone, CgHjCljOj(Cl : CI = 2 : 5), was obtained 
by Stiidelor, together with the preceding compound ; Carius 
prepared it by the action of chlorous acid on benzene.* It is 
also obtained when o-dicliloroquinol ia oxidized with dilute 
nitric acid, or paradicUoraniline with a solution of chromic acid 
(Levy and Schultz}, and crystallizes in dark yellow, inonoclinic 
tables melting at 159°. It is volatile in steam, insoluble in 

' Hofaiaim, Ber. Deutneh. Chtm. Oa. xi. 332. 
^Mera lua Zetter. Urid. xii. 30*3. 
^v Levy auj Scholtz, Oiid. cuz. ] 44. 
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water, scarcely soluble in cold alcohol, but readily in boiliuji 
alcohol, 

MctadiehloToqainone (CI : CI = 2 : 6) ia obtained bv llw 
action of cold fuming nitric acid on trichlorophenol,' or lyi 
passing nitrogen trioxide through its aqueous solution.* 
slightly soluble in water and cold alcohol, and crj-stallizes 
boiling alcohol or petroleum spirit in large rhombic si 
coloured prisms, melting at 120°, and subliming readily. Its 
also obtained by the oxidation of metadichloroparadiamidi)- 
benzene.* 

Trichloroquinone., CoHCIjOj. — Woskresensky, by the wtion rf 
chlorine on quinone, obtained a compound of this compoation. 
which he named cbloroquinoyl, but according to his BtAtenMnt, 
■which ia siipported by the experience since gained conceniing 
chlorinated quinones, this was a mixture. Trichloroquinonii 
was first obtained pure, together with tetrachloroquinone anti llie 
above-mentioned compound, by Stiideler, by the chlorination of 
quinic acid. By the action of hydrochloric acid and potassium 
chlorate on many aromatic substances, a mixture of trichlont- 
quinone and tetrachloroquinone is obtained, as has been ahown 
by Griibe,^ whereas it was formerly believed that only tlie 
latter compound is produced. 

In order to prepare trichloroquinone, Gnibc's process modified 
by Knapp and Schultz is employed.' 1 part of phenol is dis- 
solved in an equal weight of sulphuric acid at 100°, The 
phenolsulphonic acid thus obtained is brought into a hot 
aqueous solution of 4 parts of jwtassium chlorate, and an excess 
of crude hydrochloric acid added. An energetic reaction sooa 
commences, which is finislied after standing twenty-four houn 
by passing in steam. The mixture of trichloroquiuone and 
tetrachloroquinone ia washed with hot water and cold alcohol^' 
then suspended in water and the liquid saturated with sulphur 
dioxide, and allowed to stand until the crystals have become 
colourless. Boiling water then only extracts trichloro* 
quinol, while tetrad Joroquinol remains behind. By the addition 
of fuming nitric acid to the hot solution of the former, 
trichloroquiuone separates out. Acconling to Stenhouse, it is 
better to dissolve in hot water containing sulphuric acid and 

' F«iiirt, Ann. Cifm. Pharnt. cxlw. 153. 

» WcMlsfey, Bar. DetiUch. Chem. Oa. iiL 6 1 '. 

' Uvy, iHd. xvl. 144*. 

* Ann.l-hem. Plitrin. csliL 1, » lh„t. coi. 17J. 
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Mil potassium bichromate to it.' The trichloroquinone is thea 
I puiified by recrystallization from alcohol. 

It ia also obtained by the action of chromium oxychloride on 



4€rOjCIj + C„H« = C^HGlaO, + SCrp^ + 5HC1. 

I It is further obtained, together with tetrftchloroquinone, when 
Khing powder is added to a boiling solution of paramido- 
mol ' in hydrochloric acid, or by decomposing trichloramido- 
with bromine water.* It cryatallizea in large yellow 
iktea molting at 165° — -166°. It is insoluble in cold water, 
Slightly soluble in cold, and readily in hot alcohol. 

1003 Trtrachhroqumone or CMoTanil, CaCl^Oj,— Erdmann first 
olitained this compound by passing chlorine through an alcoholic 
soliitiiiu of chlorisatin, and termed it chloranil^ a name which is 
Will employed. Fritzsche obtained it by the action of hydro- 
chloric acid and potassium chlorate on aniline," and Hofmaim, 
from phenol, quinone.cldoraniline, saJicyhc acid, aalicyl aldehyde, 
Jsattn, &c.^ It has since been frequently observed as a final 
product of the action of the above reagents on aromatic bodies, 
fhitt the substance thus obtained always contains trichloro- 
quinone lias already been stated. It is also obtained when 
BVTnmetrical tetrachlorobenzenc ia oxidized with concentrated 
nitric acid, but ia not formed from the isomerides of this com- 
pound,* Perch lorophenol is similarly converted into chloranil.* 
Its preparation from phenol has been already de."cribed ; it is 
isolated as tetrachloroquinol, and this ia oxidized by nitric acid, 
and repeatedly extracted with boiling alcohol, in order to remove 
any admixed trichloroquinone. If it be required to convert the 
trichloroquinone, formed at the same time, into chlorauil, the 
solution must be boiled for a long time with concentrated liydro- 
chioric acid, and the tetracldoroquinol so obtained, oxidized 
with fuming nitric acid (Knapp and Schultz). 

The mixture obtained by the action of hydrochloric acid and 
Slum chlorate on phenol can, according to St«nhouse, also 

' Jimrn. Clicm. Six. ui. 149. 

• CniBtanjon, Bar. Dmlich, Chrm. (let, ii. 638. 

• Schmitl and Aadrwen, Jaitm. Pratt. Chan. [2], xxiii. ^30. 

• Ibid. xxiv. i34. 
» Ann. Chrm. Pharm. ilTui. 309, 

• Neuei JJimdatHfrbveh, ii. BBl. 
' Ann. Chem. Pharm. lii. 67. 
' Bsilsbnn ftnd Kitrb«tow, ibid, cxcii. 20t;. 
' Msreand Weith, Bn: Dntfeh. UhrmMa. v. 460. 
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be converted into cbloranil by dissolving it in an equal wt'igbt 
of water, adding half its weight of iodine, and passing 
chlorine, until it is only slowly absorbed ; the chloranil formed is 
then distilled off. 

Chloranil is employed in the colour industry, and is obtained 
on the large scale as stated above, or by the oxidation of tri- 
chlorophenol with potassium bichromate and sulphuric acid. 

Chloranil is insoluble iu water, very slightly soluble in cold, 
only slightly in boiling alcohol, and somewhat more easily in 
ether. It crystallizes in small gold-coloured plates, or from 
boiling benzene in light-yellow, transparent prisma ; ' it begins 
to vapourizc at 150° and subUmes rapidly at 210°. It melts at 
a high temperature and boils with partial decomposition. It i 
not attacked by concentrated sulphuric acid, nitric acid, o"^ 
aqua regia, and this explains why it is so frequently obtained a 
a. final product of the action of oxidizing and chlorinating agent-* 
on a large number of bodies. By heating it with })hosphoroi*-^* 
pentachloride to 180°, hexchlorobenzene is obtained (Grabe) : 

C^CiPj + 2PCla = CaCln + 2P0Clg + CU 

By heating with acetyl cUoride to 160' — 180* it is convert«:i- 
into di-acetotetrachloroquinol : 

C^Cl^O, + SCsHgOCl = CaCl,(OC,H,0)j + Cl^. 
It has already been stated, that reducing agents convert if-' 
into tetrachloroquinol ; this also takes place on boiling witt: 
concentrated hydrochloric acid, or stUl more readily with hydi 
bromic acid : * 

C„C1,0, + 2HBr = CoCl,(OH)j + Br;. 

By julding chloranil to a dilute solution of acid jTOtassiui 
sulphite, the potassium salt of dichloroquinoldisulphonic acid i 
formed : * 
CeCl,0,+3S03KH+H,O=C9Cl.(0H)j(SO,K),+2HCl+SO,t 

This crystaUizes in colourless tables. The free acid is onljT 
known in aqueous solution. It, and the solutions of its salt^ 
are coloured indigo-blue by ferric chloride. 



1 I*¥y and Schulli, Liebig'n Ann. tvs. 154. 
' Lory and SuhulK, Btr. DmUeh. Chem. Gv. x 
Ann. ccix. 125. 
■ Udsw, ibid. C2ir. 321 ; Greitr, Jiihi-ab. 1S63, 3: 
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intreatiug chlorauil with a concentrated solution of acid, or 
tter, normal potassium aulpliite, the potassium salt of thio- 
Doic add ia tiie chief product, the preceding compound being 
M formed ; ' 
iCl,0,+ 5SOj,K^+H,O = Ca(OH)(SOjK)(SOj,K),+4KCl+KOH. 

I It crystallizes from Lot water in yellow rhombic prisms con- 
ning 4 molecules of water, and its solution is coloured a deep 
iTnish red by ferric chloride. The free acid is only kiiowu in 
eous solution, and decomposes wbeu this is gently heated. 
On Imating the potassium salt with water to ISO" — 140', 
' potassium quinoldisulphonate, CaHj(OH)^(SO(,K)j + iRfi. 
ia obtained, together with acid potassium sulphate. The free 
acid crystallizes io thick tablets, deliquesces in the air, and is 
'- ^Irjured blue by ferric chloride (Griibe). 

Hesse obtained an acid isomeric with the above by the 
action of fuming sulphuric acid on quinic acid. It forms a 
"jnip which readily dissolves in water; its salts are coloured 
*'cep blue by ferric chloride.* 

>oo4 Ckloranilie Acid or I>khl"rodihydro3yguino7ie-, 0^01^ 
fOSl,Oj + HjO. Erdmaun obtained the jtotassium salt by 
"'ssylviug chloranil in dilute caustic potash : 

C^Cl.Oj -I- 4K0H = CoCL,(OK),0.. + 2KC1 + 4H,0. 

^*^be obtained it as follows from tricbloroquinone : 

^C;^HCiP;+3KOH=C„Cl2COK),02+C6HCl3(OH).+KCl + HaO. 

In order to prt-pare chloranilic acid. 5 parts of chloranil are 
^^oistened with alcohol, and a cold solution of 6 parts of caustic 
KKitash in 100 parts of water added. When the chloranil is 
'Completely dissolved, the potassium salt thus formed is pie- 
'^pitated by the addition of 10 to 15 parts of common salt. 
The precipitate is redissolved in boiling water and repeatedly 
l»urifiwl by precipitation witli common salt. It ia then dissolved 
*li 100 parts of boiling water, and 10 parts of hydrochloric acid 
Sire added to preci|)itato the free chloranilic acid.' It is thus 
obtained in red crystalline grains, or, if it separates out slowly, 
t small, yellowish red, lustrous plates. It loses its water of 
mtallization at 115° and sublimes, undergoing considerable 

' Hraae, /oc, cit. ; Grtlie, .Jus. Chem. Pltarm. cxlvL *0. 
' ){>w<«, Ann. Cktm. Phana ti. 1B5. 
* Kteuhouai', Jnurn. Chtm. Sir:, xsiii. 6. 
iVOL. III. — PART III. M 



decomposition, at a higher temperature. It dissolves in wa 
fonning a violet-red Bolutioo ; on addition of hydrochloric 
sulphuric acid the solution is decolourized, most of the a> 
being precipitated. 

P-jtassiv.m chloranilate, CgCljOj(OK)j + HjO, crystallizes 
purple prisms or needles, readily soluble in hot water, less ho 
cold, and still less in water containing free alkali or conun 
salt. On wanning it with phosphorus pentachloride, chlora 
is formed.' 

Sodium chloranilate, CflCljOj(ONa)j + iH^O, forms da 
carmine-red needles. Like the potassium salt, it dissolves 
water with an intense violet colour, aod detonates on heating. 

The ammonium salt resembles the potassium salt ; the barii 
salt is a rust-coloured, and the stiver salt a reddish bro' 
precipitate. 

Ethyl chloranHate, C^C^Xp^^OC^^^, is obtained by the acli( 
of ethyl iodide on the silver salt, and crystallizes from alcoi 
in light red, flat prisms, melting at 107° (Stenhouse). 

IlydrochloranUic acid or dichloroieirahydroxylfmene, C,< 
(OH)j, is obtained when chloranilic acid is heated to 100° 
a sealed tube, with a concentrated solution of sulphurous at 
(Koch, Grdbe). On cooling, it separates out in long needli 
In the moist state and in alkaline solution it absorbs oxyg« 
forming chloranilic acid. 

When chloranilic acid is treated with only a small quantity 
sulphurous acid, the compound, C„Cls(0H)jO3 -H CoCljCOH)^ 
obtained, which crystallizes in fine, black needles, and belongs 
the class of the quinhydrones. 



BROMINE AND IODINE SUBSTITUTION 
PRODUCTS OF QUINONE. 



o-Dibromoquinone,' CgH^Br^Oj, 



Monobromoquinone,' CoH^ErOj. yellow tables or needles 55°— 
small lustrous f . 

golden plates j" 

/9-DibromoqTiiiione.* CflH^Br^Oj, lustrous yellow plates ] 

,-Dibromoqmnone.'C,H.Br.O,. j yf"" HI"-"". 1 

' ' a . . 1 ^ crystals or needles J 

' Koch, Zciltckr. Chrm. 1868. SOS. 

* Saaroir, Lidng't Ann. ccix. IDS, lOfl. 

* Sanrow ; Benedikt, i/rmatth. Chem. i. 1.14. 

* Levy nnd Schultz, Li^ig'a jtnn. ccx. 1 ES. 

* Bohmer, Joum. PraJel. Chen. (S) x«iv. 88*. 
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Melting 
Point. 

Tribromoquinone,- C^HBrjO^, lustrous golden plates 147" 

C golden rhombic "J 
Tetrabromoquinone,^ C^Br^Oj, < plates or thick > — 

( tablets j 

C reddish scales 
Bromanilic acid,* C^T^(0'H)fi2, < with a metallic 

( lustre 

Melting Point. 
TH-iodoq^dnone,^ C^^fi^, small golden plates 177"* — 179** 



NITRO-SUBSTITUTION PRODUCTS OF 

QUINONE. 

1005 Nitrog^iLinone, C^^(^0^0^. — Chromium oxychloride 
acts on nitrobenzene just as on benzene (p. 155), the body, 
C^H3(N02)(OCrOCl).2, which is decomposed by water, being 
obtained : 

CeH3(NO^(OCrOCl)2 + H,0 = CeH3(N0^02 + Cr^ 

+ 2HCI 

The product is shaken with dilute caustic soda, filtered, 
and the nitroquinone precipitated from the filtrate by hydro- 
chloric acid. It forms small yellowish brown plates which melt 
at 232**, and are tolerably soluble in hot water and readily in 
alcohol.^ 

a-DinitrodihydroxyquinoneoT Nitranilic acid yCQ(0'H,)2(i^0^j02y 
is obtained by passing nitrogen trioxide into an ethereal solution 
of quinol kept cool by ice, or better when diacetylquinol is 
added to a well-cooled mixture of concentrated sulphuric and 
nitric acids.® 

"Nitranilic acid is insoluble in ether and alcohol, but readily 
soluble in water, from which it crystallizes in long, golden- 
yellow prisms containing water, which is given off at 
1 00** ; the anhydrous acid detonates at about 1 70^ It 

* Saarow, loe, cU, 

' Stenhonse, Ann. Chem. Pharm. xci. 307 ; Joum. Chem. Soc. xxiii.lO ; Saurow. 
' Stenhonse ; Saurow, loe. eil. 

* Seifert, Jaum. Prakt. Chem. (2), xxviii. 437. 
» Etard, Ann. Chim. Phys. (5), xxii. 272. 

* Nietski, Ber. DetUseh, Chem. Oe». x. 2147 ; xi. 1170 ; xvi. 2092 ; Nietzski 
and Benckiser, xviii. 499. 
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tastes acid and astringent like iron, and forms salta wbicJi 
ciystallize well. 

I'otus3iuvt nitranilate, C,C0K)j(N02)j,O,, ia very aligbtly 
soluble in cold water, and crystatlizea from bot water in ligbt 
yellow needles with a blue surface lustre, wbicb detonfttqfl 
violently on beating. ^M 

^-BinUTodihi/droxyq'itinone ia obtained in snmll quantity ti>- ■ 
gethur with other bodies, when nitrogen trioxide ia paaaed tlirougV 
an ethereal solntion of pyrocatechuic acid, CaIl3(OH.JjC02H, kej»-t_ 
coo! by ice. It is readily soluble in water, and slightly in ether - 
it crystallizes in greenish yellow needles, and is a very unstabX^ 
substance. Its eodiuui salt is slightly soluble in cold ivitt^^ 
more readily in hot, and forms brass-coloured spangles witl». a 
metallic lustre, which detonate violently on heating.' 



QUINHYDRONES. 

Qidnhj/dronc. C^M^fi^ = C^^p. + CoH/OH)j. 

1006 This compound, which Wohler described as "gre*''i 
hydroquinonc," is formed by the partial reduction of quinoof 
or the cautious oxidation of quiuol. Ho makes the following' 
remarks; "In all cases in which the green compound ii 1 
obtained, it separates out in the crystalline state, the hquid 
being momentarily coloured a deep red, and then suddenly 
becoming full of the most beautiful green metallic prisma, 
which, even with small quantities, are frequently an incli 
in length." 

" It is most readily obtained by adding ferric chloride to a 
solution of the colourless hydroquinoue." 

" It ia prepared from quinone by mixing a saturated solutiou, 
with sulphurous acid, which, in order to obtain large cryst 
must be added all at once, but only in such quantity that s 
quinone still remains unchanged ; otherwise the action i 
proceed further with fonnation of the colourless hydroquinone.'l 

" The most remarkable method of formation of green hydrfi 
quinone is by the mutual action of the culourlesa conqwund & 
quinone ; when their solutions are mixed, they instantanw 
combine forming the green crystals, no other conii>ound 1 
produced." "Green hydroquinoue is one of the most beautjft 

I liniWr. llrf. Il>'>il«ch. Chi-ui. art. xW. 61*. 



substances which organic chemistry has produced. It is v^y 
iiilar to murexide, but excels it in lustre and beauty of colour. 
I ihU respect it bcara the greatest resemblaDCC to the metallic 
."■'■u of the rose-chafer, or of the feathers of the humming- 
nl. The crystals are generally very fine, and often very long. 
I [uier a, high magnifying power the finer ones are seen to be 
ninsparent showing a reddish-brown colour." It baa a sharp 
■ !.*te and a weak quinone-like odonr ; it readily fuses to a brown 
fiiit, and at the same time a portion of it sublimes in small 
;r> eu plates, while another portion decomposes with formation of 
', linone, which sublimes in its characteristic yellow crystals. It 
■i slightly soluble in cold water, while it dissolves in greater 
|ii™tity in hot water forming a brownish red solution, from which 
u again crystallizes out on cooling. The green hydroquinone 
is n^ily soluble in alcohol and etber with a yellow colour; 
im evaporation it retains its green metallic lustre, and, in the 
rrj'stalline condition, presents, especially on wbit« porcelain, a 
very striking and beautiful appearance." 

It crystallizes from hot glacial acetic acid in greenish black 
labk-ta or prisms (Hesse). 

Quinhydrone is a compound consisting of equal molecules of 
i]iiiaonc and qninoL On boiling with water it is decomposed 
1 iuio ita constituents, quinone volatilizing and quinol remaining 
lehind. Oxidizing agents convert it into the first and reducing 
' mats into the second. " It dissolves in ammonia with a deep 
t'reeo colour, which in presence of air immediately changes 
'uto ft dark, brownish red. On evaporation it remains behind 
^ a brown, amorphous mass " (Wohler). 

(hinhydrone dimethyl ethi'r,0^^B.^^0J<:'K^\ = C^fiJ-\-1Ct^.^ 
(f)CHj)OH, is formed by the combination of quinone with quinol 
"•ethyl ether,^ when the solutions of these in hot petroleum 
spirit are mixed." On cooling, the compound separates out in 
wautit'ul greenish black prisms with a metallic lustre, which 
"^wiue reddish brown in the light. The ether dissolves in 
*ann water with decomposition, and on reduction with sul- 
p'lurDUs acid, gives two molecules of quinol methyl ether for 
I Wch molecule of quinol. 

' Chlarine mihstituHon prcd)icf8 of qitinhydrone are not 
ped by the combination of a chlorinated quinol with quinone, 
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DOT of a chlorinated quinone with quinol, quiohydroDe bei 
ftlmys formetl when these are brought together.^ i 

CoH,t:i"o, + 2C,HflO, = CijH.oO. + C.HsCIO^ ) 

Chlorinated quinones, on the contrary, combine with chloi 
uat^ quinols. 

Diehlaroquiiihydrvne or hrotcn chloroquinol , C,jHgCljO,, m 
obtained by Wobler by the oxidation of chloroqiiinol with fen 
chloride. It is also obtained by the combination of chlor 
qninone with chloroquiaol, and is the first product of the actie 
of hydrochloric acid on quinooe (Stiideler), It separates outi 
first as an oil and solidifies after some time to a greenish broi 
crystallino mass which, when left in a glass tube, sublimeai 
fine, long, broivn needles, which stain the skin a dark purid 
red colour. , 

Tdrachtoroquinkjfdrone or violet btchloraquinot, Ci,HgCl,0, ' 
2IL0, is obtained by wanning dichloroquinol with a solution' 
dichloroquiiione, as well as by the oxidation of the former vii 
ferricchloride (Stiideler), It crystallizes in small violet prisH 
or long, flat, dark green needles, which lose their water 
crystallization over sulphuric acid, or at 70°. At 120° tlk 
mctt and decompose into their constituents. It is insoluble 
water, and dissolves in alcohol forming a yellow solution, whil 
it4 solution in ammonia is green. | 

ffenxhloro^nnhydrone or yellow tridUoroqiUnol, C,jH,C1jOj 
formed, according to Woskresensky, by passing chlorine a 
quinone, or by the oxidation of trichloroquinol (Stadeler).' 
crystallizes in small, yellow, lustrous plates, which are sligbl 
soluble in boiling water and more readily in boiling alcob 
It melts and sublimes a few degrees above 100°, and possea 
a penetrating aromatic odour. 

By the action of an insufficient quantity of cold nitric al 
on trichloroquinol, Griibe obtained long, black needles, which | 
considered to be hexchloroquinby drone, but which are 
probably a hydrate of this. 

ResoTcinolquinmic, Ci^H^O, = CjHjOj + CoH,(OH)j, is ii 

meric with quinhydionc, and is obtained by dissolving eqa 

molecules of reaorcinol and quinone in warm benzene. It for< 

almost black needles, which in transmitted light appear 

' WicheDuus. Olid. xii. 160S. 
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ipniet-red colour, and have a green surface lustre. They melt 
■190° and are readilj soluble in water and alcohol.* 
fpkcnoquinow, C,aH,80, = CcH.O, + 2C„H5.0H, was first 
ibined by Wichelhaus by the oxidation of phenol in aqiieoua 
idution ; it is also obtained by the direct combination of quinoaaJ 
■ ffi^ phenol,^ when the solutions of these in Lot petroleum cthecl 
remixed.* It crystallizes in splendid red needles, tlie broad i 
I fcoes of which show a green lustre. They have a slightly sharp 
iDiell. melt &t 71°, and are very volatile. Phenoquinono is soluble 
in cold water, but more readily in alcohol and ether, as well as 
in petroleum spirit, by means of whicli it may be separated from 
quiitone and quinliydrone. It is split up by alkalis or acids into 
ijuinone and plienol. Oa the addition of potash the red needles 
bisame blue, and with baryta or ammonia, green. 

ioo8 ConUUution of the. QtdrJiydrones. Various views have 

been advanced concerning the constitution of these compounds, 

y[liich are formed by the direct combination of phenols with 

me. Quinhydrone was first looked upon as a compound 

I' equal molecides of quinone and quinol, and Grabe gave the 

1 following constitutional formula : * 



(^flH.; 



OH 



t Wichelhaus opposed this view ; he explains the formation of J 
iiquinoiie according to the following equation ; 

.0. xOOC(,H, 

; + 2H0.aH. = C„H,< + H„. 

■^0-^ ^O.OCgHj 

EQaiohydrone and its methyl ether are formed in a similar ' 



: + 2HO.CoH..OH = C^H;-^ 



-O.O.C. H,.OH 



+ H,. 



' Ntetiki, Ber. DaUach. Chtm. Qet. lii. 1SS2. 

■ WichslhauB. Ber. DaUaOt. Ch«ra. Ge». v. £48, tit. 

■ Vutzkt, ibid. xii. 1B31 ; He«s«, Ziebig't Ann. aa. !fi 
* Ann. Chtm, Fharm. cilri 61. 



AROMATIC COMPOrNDS. 



The hydrogen formod acta as a reducing agent, changing, for i 
esample, a portion of tht- quinone into quinol.' LicbL'nnann, 
however, allowed by quantitative researches that qiiinonc is n 
compound of equal molecules of its conatituents ; ' Nietzki then 
found that quiuone can bo vol u metrically determined by m\^ 
phuroua acid and iodine solution. He thus obtainetl the formulj^ 
CijH,oO( = CyHj-O, + C„H^Oj for quinhydrone.^ and C,gH,„0^ ^ j 
CgH^Og + SCgHgO for phenoquinone.* He also found that jf J 
phenol and quinone ara dissolved in the correct proportioDS 
petroleum spirit, ihey combine completely to form phenoquinone, 
an observation which was abo made by Hesse. The latter | 
found a further proof of the accuracy of the old formula for , 
quinliydrone in the fact that when it is heated with acetic 
anhydride, quinone is set free, and 85 to 87 per cent, of diaoefo- 
quinol is formed, instead of the theoretical 88-9, while acconl- 
iug to the formula of Wichelhaus only 59'5 per cent, ehoidd be 
formed. Finally, he proved that quinhydrone dimethyl ether is 
a compound of one molecule of quinone with two molecules d 
quinol methyl ether.* 

It follows, therefore, that one molecule of quinone combines 
with one molecule of a phenol, which contains two hydroxyls, and 
with two molecules of one which contains only one hydroiyl, or 
with their ethers. 

Quinone tctrahydride, CoHgO^, is obtained by heating succi; 
succinic acid fp. 146), and crystallizes on the gradual evaporation 
of its aqueous solution in short, flat, lustrous prisms, having a 
peculiar, faint odour, and a cooling taste, and melting at 75°. 
Bromine converts it into bromanil : 



CO 


CO 


/\ 


/\ 


3,0 CH, 


BrC CBr 


1 + SBr, = 
I,C CH, 


II II +8HBr 


BrC CBr 


\/ 


\/ 


CO 


CO 


HMsr, Ser. Dmltth. Chtoi 


Grt. X. 1781. 2005 ; iLi. 1500. 


Ibid. I. 1614 i 200O. 




Ibid. t. 2003. 




Ihid. lii. 1279. 




L«ft V .*'"•. '■^. 2JS. 





loog T/ie CoTvslitution. 0/ Quinone. — It liaa already been stated 
Host, tbc constitution ff quinone is expressed by one of the 
following fommlaj (p. 44) : 

C CO 

^\\ /\ 

HC O CH HC CH 

I I II II II 

HC CH HC CH 

\|/ \/ 

C CO 

Accoriiing to the former, quinone would be a peroxide ; this 
iheoiy. which until lately was universally accepted, explahia ita 
lonimtinn from quinol in a simple manner, as well as the easy 
conversion of tho latter into quinone by oxidation. Gnibe, who 
first proposed it, has used it, as we have seen, to explain the 
constitution of the qui nhy drones. According to the second 
forarala quinone would be a ketone-like compound ; in this ease 
We should expect that it would combine with four atoms of 
liydrogen to form a body of an alcoholic nature, and that 
phosphorus pentncHJoride would convert tetrachloroquinone into 
thi' compound CgClg, and not into hexchlorobenzene. 

The formation of |9-tricbloracetyl acrylic acid by the action 
"f chlorous acid on quinone (p. 59), as well as the above 
fiirmation of bromanil from succinosuccinic acid, speak for the 
^ficond formula, which is rendered very highly probable by the 
hcliaviour of quinone towards hydroxy lamino. V. Meyer and 
Janny have found that this converts aldehydes and ketones 
into oximes, tho oxygen of the carbonyl being replaced by 
the divalent radical oximido, N.OH. 



I 



Ethyl AWehyile. Elhjl Aldoiimt. 

CH, CH, 

I + H.N.OH -I + H.O 

CHO CH = N.OH 

Diincthvlawtonp. Dimethyl Acetoiime. 

CH, CH, 

I I 

CO + H,N.OH - C = N.OH + H.O 

I I 

CH, CH, 



diketones which contain two carbonyls in adjacent 
t^^itions thus give lii-oxiraide-corapoiinds. If, however, the 
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carbotiyls are not adjacent, only one of them usually enters inU 
the reBction. Now quinone behaves exactly in tliis maimer 

Q' 
^CH^rCH^ ,GHr^CH, 

CO CO + H,N.OH= CO C=N.OH+H,0, 

'^CH=CH^' \CH=CH 

The hydrogen of the hydroxyl group, as in other oximes, can 
be replaced by metals and radicals.' The fact that dimethyl- 
ketone forms a compound with quinol which corresponds to 
quinbydrone is in favour of the supposition that quinooe is a 
ketone. On the other hand, it must be remarked that quinone 
differs from other diketonea, in being a powerful oxidizing agent 
like the peroxides, If it be regarded in this light, the action of 
bydroxylamioe can also be easily explained.* 

,0 -0 

C.H,< I + H„N,OH = C9H/ I + H,0 
\0 ^NOH 



QUINONOXIMES OR NITROSOPHENOLS. 

loio Qinm7wxim€. CbHjO(NOH). Bacyer and Caro first 
obtained this compound, together with dimethylamine, by boihng 
nitrosodime thy I aniline with caustic soda.* They found that it may 
also be obtained by treating an aqueous solution of phenol and 

' The reflearthes o( Meyer nnd hia jmpili, which are i-eferred to below. 

that not only alibhydta and ketones but also aide hy da-acid a, ket<mic acids, l&d 
ketone- iJoohols rciulily gire 01 imide -compounds, aad further, in doubtful o 
can be detenniiied by means of hydronylamine whether the compound cont. 
carbonjl groap or not. The oxiuiide compounds belonging to the aromatic ,, 
will be describod in the seqnal. In the preceding voliunes various nitroao-Min- 
pounds have beon descril^d, ohtiined by the action of nitrous acid on com^nnda 
eontainiiij|t the gtoup CH^ Among these aro nitroso-malonic acid, Dttn»D- 
■eeto.ncKtic ether and. the 'nitroBo.acelono obtained from it by deconipoaition. 
These bodies are likewise ox imide-eom pounds nnd are now termed isouitroso- 
oompounda. On heating tliese witJi concentroted hydrouUorio acid theyrield 
hydroxy lam ine, and thev can bo prcpnrid by means of this resgont. Thai 
isonitrosomalonio ncid. C|NOII)(CO,H)„ may bo obtained by Ibo action of 
hydroiylamine on meaoxalic acid, CO(C0,H),. To the iaonitroBo-compoundi 
brJong also the nttrolic acidn, while the psEudonttrala and the uitroso-amiDci, 
whii^li are formed liy the action of nitrous acid on the Kmupa CK or KH, contain 
tha monovalent radical uitrosyl, NO. These, like all other nitroan-com pounds, 
give Liobonnann'a reaction with phenol and sulphuric acid. Tbia reaction is not 
yielded by the isonitroao-componnda. Cf. Ser. Dtutieh. Chftn. Ga. xr. 1164, 
1324, leSE, 277S, !78S, 27SS, 307S ; xvi. 187, 170, 177, 183, SOD, B33, 838, 
1S1B. 

■ L. Claiion, Private Commoolcation. 

■ Bw. DtulMk. CSmi. Of. viL 80«. 



potassium nitrite with acetic acid,' and considered it to be 
nitrosopheno], CoH^fSO)OH. Iisexact constitution was proved 
by Goldschmidt, wlio found that it is formed by the action of 
hjdroxylamine on quinone. In order to prepare it in this way, 
the free base must not be used, because it reduces the quinone 
to quinol. The hydrochloride of bydroxylamine does not act in 
this way ; in concentrated sulutions, however, it produces such a 
violent reaction that the mass commences to char, and hence dilute 
■olatioDS must be employed. This reaction has already been 
ez|dained ; in the formaiion of quinone-oximes from phenol and 
nitrous acid, we luust assume that the former is oxidized to 
quinone and the latter reduced to hydroxylamine. If we give 
to it the second of the proposed formulte, the reaction may be 
re^nesented by the equation : 

O 
C.H..OH + ON.OH = C,H. - 1 + HjO. 

^N.OH 

Quinonoxime is best obtained by the action of nitrosulphonic 
acid on phenol. The reagent, which Groves and Stenhouse 
call uitrosyl sulphate, is prepared by warming 200 cc. of 
nitric acid, of specific gravity 13, with arsenic trioxide to 70°, 
passing the nitrogen trioxide evolved through an empty flask, 
and then absorbing it in 250 cc. of concentrated sulphuric acid. 
Sulphuric acid is then added until the solution contains 15 per 
cent, of nitrogen trioxide. Somewhat more than the theoretical 
quantity of this is added to a solution of phenol in 30 parts of 
water. After twenty minutes the separated crystals must be 
filtered off. because if allowed to stand they are rendered impure 
by a tar-like mass which is formed.^ Quinonoxime ciyatallizes 
in light brownish green, thin, rhombic tablets, and is more readily 
soluble in hot water than in cold, forming a green solution. On 
rapidly cooling it separates out in small, almost colourless, 
needles, but on slowly cooling in brownish green plates. It 
dissolves in alkalis forming a brown solution from which it 
separates on the addition of acids as an almost white, amorphous 
precipitate. It is also readily soluble in alcohol, ether and 
acetone, forming green solutions. 

In the moist state the crystals rapidly turn brown, and 
hence it is best dried on a porous earthenware plate, Quinon- 
oxime is thus obtained as a yellowish powder (Qoldachmidt) ; on 
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hoatiog to 120°^130" it decomposes with a slight detonatioa 
by dissolving it in phenol and adding a little concentrated 
sulphuric acid, a dark cherry-red solution is obtained, which ou. 
the addition of water and caustic potash is changed into ^ 
beautiful blue (p. 176). Hydrochloric acid converts it into 
chlorophenol. It is oxidizeil by an alkaline solution of potassium 
ferricyanide, as well as by nitric acid, into paranitrophenoL Aji 
long as it was supposed to he nitrosophenol tbia reaction wa 
very easily explained, but we must now assume that IIk 
quinonoxime first combines with water, and that the compoumi 
thus formed is then oxidized : ^ 



(1) HO.N: 



,CH=CH. 

=c/ >C 



N— C< >C.OH. 



(2) CoH / \0H + O = C„H./ \o + H.O. 



The salts of f|ninonoxime, which were named nitrosophenatet, 
have been examined by ter Meer.^ 

Potassiuvi quiiionoximate, CflHjO(NOK), is obtained as a 
beautifid amorphous green precipitate, by mixing an etheretil 
solution of nitrosophenol with alcoholic potash. It is veiy 
readily soluble in water, and crystallizes from acetone or alcohol 
in thin bluish green tablets ; sometimes it is also obtained in 
red crystals. On heating it detonates. 

Sodium, quinonoximate, C|,H,0(NONa) + 2H„0, is a vermilion- 
coloured amorphous precipitate, which crystallizos from alcohol 
in beautiful short, red needles, and is readily soluble in water, 
forming a reddish brown solution. 

Silver qui7i.onoxiviaU:; CflH,0(NOAg) -(- HjO. is obtained by 
the addition of silver nitrate to a hot, dilute solution of the 
sodium salt, in small, dark violet crystals, which under the 
raicroscopo appear red in transmitted light, and in sunlight shov 
a green reflection. 




(Wii«m««m« ethglcarfMmaU, C,H^OCN.O.OO.OC^s). is formed 
■ treating the soJiuin coroponiKl ia presence of ether witli 
ijl chlorocarbonate. It ciystallizes in goH en -coloured ne«illes 
irf^Dg at 109°, slightly soluble in elhtr, but readily in oIcoImI 
id cUurofomi.' 

loi I Qiiinonf cklorimidt, CgH,0(NClJ , was obtained by Schmitt 
id Bennewitz by ibe action of bleaching powder on a solution 
Epamoidopbenol, C^H^f NHj)01I, in hj-droclJoric acid, and was 
ftffldered to be dichlorazopbenol. C,jH„CljNj(OH)j.* Hirech * 
m showed that it was qutnono cblortmide, and gave to it the 
bUaning constitutional furmola : 






4 



It ia thus quinone in which an oxygen atom is replaced by 
HCl, and acconling to the more receat views concerning quinouc^^ 
iti constitution is represented by tbe following formula 



,CH=CH 
CO ^Ci^NCL 

^ CH=rCH 



From this it appears that it stands in close relationship to 
^oinonoxime, from which it is derived by replacement of tbe 
njdroiyl by cblorine; it has not, however, been hitherto ob- 
in this way. Schmitt found that it is also formed by 
"B action of bleaching powder on ethylparamidophcuate, 

It is obtained as a crystalline precipitate when a concentrated 
•olotjon of bleaching powder is added to 100 grma. of a solu- 
"On of 5 grma. of para-ami dopheuol hydrochloride. The liquid 
"•W assumes a deep violet colour wliich, on further addition of 
"Wching powder, becomes gradually i)aler, until it suddenly 
™*iigeB to yellow when the reaction is complete. The solution 
• theii rendered faintly acid with hydrochloric acid, care being 
^en to prevent a rise of temperature. The product of the 
paction is extracted with ether, tbe latter distilled off and the 
rwdue crystalhzed from glacial acetic acid (Hirsch). 

I Walker. Bn. DaUtA. Chem. Oa. ivEi. 400. 
' Joan. Pralt. Chan. [2) viii. ]. 
" Ber. DetibKh. Chrm. tlct. «iii. 1903, 
* Jmn. Prakt, Chem. ("), xix, MS. 
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QuiDone chlorimide forms golden crystals, which are pTobsi 
triclinic, melt at 85° and detonate at a higher temperatu 
bnt are volatile in steam with partial decomposition. It 
scarcely soluble in cold water, but readily in hot w-at«r, alcobi 
and acetic acid. It has a persistent odour, similar to that 
quinone, and like this stains the £kin a permanent browi 
Reducing agents easily reconvert it into paramidopbenol, wl " 
sulphur dioxide converts it into tlie sulphonic acids of this, 
is converted by strong hydrochloric acid into chlorophenol, i 
on heating with water to 100° forms ammonium chloride, quinouft 
and oxidation products of the latter; 

CgH.ONC! + 2HjO = NH.Ci + C^H^Oj + O. 

It dissolves in cold, concentrated sulphuric acid, and in fuming 
nitric acid without decomposition. On dissolving it in pheno 
and adding some sulphuric acid, a dark cherry-red coloured 
solution is obtained, like that produced by quinonoxime. whicli 
on addition of water and caustic potash is converted into 
splendid blue.' 

TrichloToqutnonc chlorimide, CflHCl,0(NCI), is obtained is 
similar manner to the preceding compound, from tricldoropbenol 
It is scarcely soluble in cold water, readily in hot, and crystalli; 
from alcohol in long, yellowish, lustrous prisms, melting at 118*.' 

Concentrated hydrobromic acid converts it, with separation 
bromine, into trichloroquinone.' 



^CH=CC1 

:J0 '^r— NOi + H,0 + 2HBr 

^•CCirrCCl 

^CH^CCI 
- CO ^,CO + NH,C] + Br,. 

"^CCI=CC1 ' 



I 



Quijwnc flicktorimidr, CgH^(NCl),, is obtained by the actio 
of bleaching-powder on a solution of paradiamidobenseiu 
CgHj(NH2),, in hydrochloric acid. It is scarcely soluble in col 
water, and slightly in boiling water, from which it crystallizes i 
needles; it is readily dissolved by warm alcohol and acetic acii 

I. Fralt. Chrm. (2), niii. *30. 
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; TiLiiDg solutions which atain the skin brown. On reduction it is 
1--0U verted into diamidobenzene.' 
loia IIt/droxyqvinonoxivteorjnononitrosoresorci«ol.CJS.^(OW)0 
I \jSuH). Bindscbedler and Buscb first obtained this compound 
tiie action of amy] nitrite on nionosodiumresorcinol,* and it 
; then further examined by Fevre.* In order to prepare it, 
ceatrated alcoholic solutions of eqlial molecules of sodium 
J^te and reaorcinol are mixed and the calculated quantity 
unyl nitrite added, the mixture being kept well agitated, 
9 solid mass which separates out is pulverized and freed 
n amyl alcohol by washing with water.* It crystallizes from 
ite alcohol in golden needles, which contain one molecule 
water, and on heating become black and decompose without 
teg. 

Iti sdtB are not very characteristic ; stannous chloride reduces 
ta Moidoresorcinol, concentrated nitric acid converts it into 
bitroresorcinol, and by passing nitrogen trioxide through its 
iiereal solution dinitroresorcinol is obtained. 
It gives colour-reactions with all phenols (p. 177), as well as witli 
udo-corapounds. With aniline acetate it forms the compound 
iiH„NjOp which is insoluble in alkalis, and crystallizes from 
loiofiirmin small, lustrous steel-blue needles, which dissolve in 
Dcentrated hydrochloric acid with a blue, and in sulphuric 
id, with a green colour (F^vre), 

Qainoncdioxime or dinitroaoresoranol, Cf^ifi^CSOU)^, is ob- 

ined by the action of sodium nitrite on a very dilute solution 

reaorcmol in acetic acid. After some time the liquid is poured 

to dilute sulphuric acid, and the compound which separates out 

irified by crystallization from alcohoL^ It is more easily 

by gradually mixing a dilute solution of resorcinol 

nitrosyl- sulphate " (p. 171). 

■ Dinitrosoresorcinol crystallizes in yellowish brown or gicen 

plains which detonate at 115°; it decomposes carbonates, and, 

to a slight extent, acetates. With the alkali metals it readily 

fonna soluble normal salts and acid ones such as. CoHjOjfNOH) 

(NONa), which are obtained as sli-^litly soluble, green crystalline 
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COLOURING MATTERS FROM QUINONOXIME 
AND PHENOLS. 

1013 Liebennann observed tlint a solution of nitrous a< 
in sulphuric acid givea with dJQ'erent phenols a brown solutic 
which quickly becomes green and then deep blue. Tlie reage 
for the preparation of this colour ia obtained by dissolvii 
5 per cent, of jxitasaium nitrite in concentrated sulphuric acid 
the salt is gradually added with continual shaking in order T 
the nitrous acid may be complutely absorbed. 

To prepare the phenol colouring-matter, 5 grms. of pht 
EU« mixed with au equal volume of sulphuric acid and 20 
of the reagent gradually added, the liquid well agitated, and th 
temperature not allowed to exceed 40° — 50°. After cooling, th 
solution ia jmured into a large quantity of cold water, when th 
colouring-matter fleparates out as an amorphous, reddish broi 
powder, which b washed and dried at 13U°. It has the com 
position CjgHjjNOg, and dissolves in concentrated sulphuric m 
and in alkalis with a splendid blue colour.' Its formation 
explained by the quinonosime, which is first formetl, taking u| 
the ek-mc-nta of water and the compound so obtaint.'d uuitio 
with phenol as follows ; 

^OH /OCyH, 



HO-CgH^N^ 



-l-SHO.CflHs = HO.CoH.N 



■OH 



OC,H, 



f2H,( 



Together with this compound another body is obtained, whi 
can easily be separated since it is insoluble in ether ; it is 
oxidation -product, for on allowing the original blue liquid to stal 
in the air it becomes green, and then only contains the secoi 
compound. After precipitation and washing with water, it f 
a black mass which dissolves in sulphuric acid with a green, 
in alkalis with a brown colour. The latter solution gradual 
turns violet in the air, but immediately on the addition of 
solution of a hypochlorite. The colouring matter dried at 1' 
has the composition Ci^H^NOj.' 

1014 Azoresurcin,, Ci^noNO^.was discovered by Weselsky, 
described as dtazo-resorcin, CigH^gN^Og.* Since however it 



AZOEISOHCIN. 



<liazo- compound, Weselsky an J Benedikt decided to call it 
"Weselskj'a diazoresorcin." Bruiiiier and Kramer, 
letcrrnined its exact composition, clianged this name to 
u, in order to indicate that it only contains one atom 
nitrogen in the molecule, and not to make too groat a change 
buu the Domenclaturc which had bccu iu use for twelve years. 
It would have been better to have given it an entirely new name, 
Kux azoresorcin has nothing to do with either the a^o-, or 
diuo-L'oni pounds. Azoresorcin' ia formed by the action of 
uitogen trioxide or tetroxide " on rcsorcinol ; in order to prepare 
J itWeselsky's recent is used. This is obtained by saturating 
»eU-cooled nitric acid of specific gravity 1-25 with the nitrous 
ga»a evolved from starch and nitric acid, 40 to 50 drops of 
liiis solution are added to a solution of 4 grms. of resorcinol in 
S'"'!*. of ether. After two days the mother-liquor, containing 
\Ik two isomeric nitroresorcinols, is pourc-d off from the crystals, 
are washed with ether and water, and recrystallized from 
acetic acid.* 

Izoresorcin forms small, dark red crystals having a beetle-green 
dissolving with difficulty in alcohol with a yellow colour, 
readily in alkalis to a splendid violet liquid, which exhibits 
fluorescence and gives dark violet precipitates with salts 
lite metals of the earths. 

It it formed, like " Liebermann's phenol colour," from nitroso- 
inol and rcsorcinol, and has therefore the following 



HO, ,0^ 

HO/ ^0^ 



CgH,. 



fSj heating azoresorcin with acetyl chloride, no acetate ia 
lined, but the compound, CflH3Cl(OH)NCHCl)0sCaH^ which 
I from ghicial acetic acid in small, lustrous golden 
8, is formed. 

ronasoresorcin kydrolromide, CijHjBr^NOj.HBr. is ob- 

i by the addition of bromine to a solution of azoresorcin 

mtic soda, as a brown precipitate, which dissolves in alcohol 

g a deep blue solution with a brownish red fluorescence, 

Iremmus behind on evaporation as a beetle-green mass. 

^orttn is use:! iiiat«iid o! azoresorciDol to show tliat it U moroly 
rj tnd docs uot pxitrcss the i-onHtitation of the foiiii«mti.l. 
ywlikj Bud Bntiiidikt. J/otI'i/aA, Cltm. i. 886. 
■"-'wJfiWflisA. Ch/itt. V. lii'.'i. 
^ JIT. — PABT IU. S 
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Trinitro-azoresordn, C^^LJ^O^^O^, was deacribed bf 
Weselsky as tetrazoreaorcin nitrate, Cj^HjjNgOijCNO^a. Itis 
obtained by cautiously warming azoresorcin with ten times ils 
weight of nitric acid of specific gravity 13"7, until an evolution 
of red vapours commences, when the flame is removed and the 
solution allowed to stand until a drop of the dark carmine-ted 
liquid gives a brown colouration with ammonia. It is thm 
filtered through glass-wool and the filtrate cooled hy ice, 
Trinitro-azoresorcin separates out in small crystals, with ft 
beetle-green lustre, readily soluble in water and more bo b 
alcohol, forming a beautiful blue liquid ; the alcoholic solution 
decomposes slowly in the cold and rapidly on warming. It 
dissolves in alkalis with decomposition, forming a brown solution. 
When heated on platinum foil it detonates (Brunner ami 
Kramer), 

1015 Azorcsnrujin, C^fi^^f)^ "Wesebky obtained this com- 
pound by heating azoresorcin with sulphuric acid to 210°, and 
named it diazoresorufin, CjgHjgN^Og. It is formed according 
to the following equation : 

HO, ,0. )C,H,N<o>C,H, 



ho/ \o/ )C-H.N<JJ>aH, 



Brunner and Kriimer found that it is also formed when 
5 grms. of resorcinol are dissolved in 15 cc. of sulphuric acid, 
40 grs. of Liebermann's reagent gradually added, and the splendid 
blue solution heated to 140°, a violet colour being produced. The 
liquid is diluted with water, neutralized with carbonate of soda 
and evaporated. The sodium compound of the azoresorufin ia 
extracted from the residue by alcohol, and forms a solution with a 
cinnabar-rcd fluorescence, Glauber's salts and a colouring matter 
remaining behind. The latter is soluble in water, forming &' 
red solution with a brown fluorescence. 

Azoresorufin is also obtained by beating resorcinol with nitroso-. 
resorcinol and sulphuric acid, or by heating the first with nitro- 
benzene and sulphuric acid to 170° 

It is insoluble in water, alightly soluble in alcohol, and 
crystallizes from hot Iiydroi'hloric acid in small garnet-red 
prisms. It dissolves in concentrated sulphuric acid with ft 
bluish violet colour ; with alkalis, particularly in alcoholic 
solution, it forms a carmine-red liquid with a splendid cinnabar- 
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^■-•<\ fluorescence. Tliis colour is so intense that azoresonifin 
iii;iybe used aa a delicate reagent for alkalis, inaatnucli as one 
'lri>p of a millenonnal solution of caustic soda gives the 
i:>j!ouration. 

DioKeiylazormyrufin, G^^^f>^{OC^fi)^, is obtained by 
Ilea ting azoresorcin with acetic anhydride and anhydrous 
Kodimn acetate to 135° ; it is a yellowish brown amorphous mass, 
wluch on evaporation with hydrochloric acid is coloured beetle- 
green, tlie hydrochloride being formed. On heating with alkalis 
it forma azoresonifin, which is converted by tlie action of acetic 
anhydride and sodium acetate into diacetyl azoresonifin ether, 
C^HjjN,O,j{0CjHjO)j, crystallizing from glacial acetic acid oi- 
benzene in lustrous orange-coloured plates.' 

If azoresorcin be heated with hydrochloric acid to 100°. the 
''.Vflrochloride of azoresorufyl chloride, Cj,H,^NjOsCl,(HCl)ij, is 
™rtaed, crystallizing from an ethereal solution in small red 
plates with a metallic lustre, 

Teirakydroiorrsorufin, Cj^H^N^O,. When azoresorcin is 
'*"-inned with zinc and hydrochloric acid, first a red and then a 
''lue solution is formed ; on cooling, dark blue crystals of the 
'lydrochloride. Cj,Hj5NgO,(HCl)j, having a cupreous lustre, are 
'obtained, which are rapidly converted into azoresorufin by 
oxidizing agents. 

Hydrasoresorttjin dhcr, O^gH^^NjOij. By the continued action 
of KJnc and hydrochloric acid, tlie blue solution of the preceding 
compound is coloured green, and on cooling deposits colourless 
jilates, having the formula C^nH^oNjOi^CHCI),, which rapidly 
n^idizo in the air, becoming blue and showing the metallic lustj-e 
of sublimed indigo. By rapidly drying the hydrochloride 
on the water-bath, and dissolving the blue powder thus 
obtained in alcohol anil a few drops of hydrochloric acid, an 
indigo-blue solution is obtained from which crystals of the 
composition C4,H4jN^Ojj(HC!)3, resembling potassium per- 
manganate, separate out on cooling. By using acetimo instead 
of alcohol, similar crystals of the composition C,3H^p>ijO,j(HCl) 
are obtained. 

Hexlromazoresontjin hi/drobromule, Cg,H,oBr„Nj,Oj.HBr, is 

obtained by the action of bromine on an alkaline solution of 

azoresorufin as a brownish red, amorphous, precipitate, whose 

violet alcoholic solution has a splendid bluish red fluorescence. 

Another bromine derivative of azoresorufin is the " fluorescent 

1 Btunner, Ber. DetUtch. Chem. Oea. sviii. 680. 
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Ksorcinol blae ' which 13 obtained by dissolving azoresoruliu 
potash, adding bromiDe and precipitating with hydrochloric nci, 
The precpitate may be converted into the sodium or amnioniiii 
salts, which cn'^tallize in green lustrous needles, slightly solubl 
in water and absolute alcohol, and more readily in dilut 
alcohol ; the hlae solutions possess a splendid red fluoresceaoe 
The free colouring matter, obt^ned by addition of bydrochlorie 
add, crystallizes from toluene in brown needles ; it dyes wool 
and silk a fast blue with a splendid red fluorescence. By de- 
composing a dilute, alkaline solution of azoresorcin witb 
bromine, the "non-fluorescent resorcinol blue" is obtained, 
crystallizing from alcohol in green needles. Its solution is not 
fluorescent, it dyes wool and silk pure blue, hut the colnar 
readily changes on steaming into the reddish blue of the prece(liiig 
body.' 

Hanitro-asorrtorufin, C3,H,^(NOj),NjOj. is obtained i 
similar manner to trinitro-azoresorcin ; Weselsky described it 
as tetnizoresonifin nitrate. It is soluble in alcohol and water 
with a purple colour, and crystallizes in needles with a beetle- 
green lustre, which detonate on heating. 

Jiesoreiiwl blue. When 3 parts of resorcinol are heated with 
1 part of sodium nitrite to 130°, an intensely blue mass ' 
formed, an evolution of ammonia accompanied by violent 
frothing taking place. On dissolving the mass thus obtained in 
a little water and adding common salt, the sodium componnd 
of the colouring matter is thrown down. This is readily solublo 
in water, from which it separates out in indistinct ciystal* 
which on drying assume a metallic lustre. Acids precipit»t6 
the colouring matter in dark red flocks, which readily dissolw 
in alcohol, and are reprecipitated by water. It dissolves in 
concentrated sulphuric acid with a blue colour ; its alkalins 
solution is decolourized by zinc dust, but rapidly becomes blue 
again in the air.* On account of its great similarity to litmiUi 
Traub and Hock, who discovered this colouring matter, named 
it " lackmoid." * 

> WeMUkyanil Rpnedikt. Mnnnlih. Chan, v, 605. 

* Bonedikt and Jnlius, Monatitk. Chrm. t. 634, 

* Bo-. Dealach. CItxm. Ba. ivii. 2615, 
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TRIHYDROXYBENZENES. 

f ioi6 We are acquainted with tlie tliree tlieoretically possible 
mpounds: 



PytngUlol. 
OH 

Ce 



PiilangladuoL Hyilroif-iuiiiDL 

OH OH 

oh'x^'oh '\ /'oh 

OH 



I^frogallol is obtained by the separation of carbon dioxide 
from gallic acid, CoH.(OH)gCOjH. which, as v^-ill be shown later 
coutsins the three hydroxyb in the adjacent position. Hydroxy- 
'Jiiinol is obtained from quinol, which, as a para-compound, can 
inly yield one trihydrosybenzene. In phloroglucinol, therefore, 
le hydroxyls must occupy the symmetrical position, and its 
1 behaviour agrees with this view. 



PYROGALLOL, CoH,(OH),. 

f 1017 Scheele, who was the first to obtain pure gaUic acid, 
K4C0H)jC0jH, in 17«ti, showed that on dry distillation it 
" 8 a sublimate which, like gallic acid, forma a precipitate with 
roue aulphato. This he thought to be remarkable,' and it 

. appears that he considered the bodies to I)e different, 

Idtcr chemists, nevertheless, considered this sublimate to be 

pure gallic acid, until Braconnot, in 1831, showed that sublimed 

is ditferent from ordinary gallic acid," in which coaclusion he was 

ifirmed by Peiouze in 1838.' It was then called pyrogallic 

id, which name is still employed. 

In order to prepare pyrogallol in small quantities, gallic acid, 
"Sried at 100°, is placed in a tubular retort and heated in an oil 
Kith to 210° — 220° but no higher, carbon dioxide being passed 
through the apparatus ; a yield of 30 per cent, ia thus obtained. 
To obtain larger quantities, gallic acid is heated with 2 to 3 
parts of water for lialf an hour in an autoclave to about 210° — 
220°. A paper ring is placed between the vessel and its cover 
* Ann, C'lunn, Pliya. xlvi. !M. 
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t« allow the carboa dioxide to escape. Tlie solution is boilej 
with animal charcoal, liltered and concentrated. The pjTogallr,! 
which cryatiUizea out ou couling must be distilled in vacuo u> 
render it perfectly pure.' The yield is almost theoretical 

Pyrogallol crystallizes in thin plates, or white lustrons n«'dlta, 
melting at 115° and hoiling with slight decomposiUon at 210°. 
It ia readily soluble in water, alcohol and ether, tastes bitter auJ 
is poisonous; 2 to 4- grains given to a d<^. kill it, producing 
the same symptoms as phosphorus poisoning.- Its aikaliut^ 
solution rapidly turns brown and black in tlie air, and then 
contains carbonic acid, acetic acid, and black humus-like holies. 
Oxygen is most rapidly absorbed by it when a soliitiim nt 
0'25 grms. of pyrogallol in 10 cc. of caustic potash of specilir 
gravity I'OS ' is used. Its alkaline solution is therefore lutd 
in gas analysis (Liebig), but the fact that carbonic oxide is 
always giviin off has to be borne in mind,* the quantity of this 
being larger when ptu^ oxygen is absorbed, than when il i* 
absorbed from the air.* 

Pyrogallol reduces solutions of gold, mercury, and silver, A 
perfectly pure solution of a ferrous salt prfMhices a white turbidity 
in a solution of pyrogallol, but if the smallest trace of a ferric 
salt bo present the liquid ia coloured blue. Ferric chloride produces 
a red colour, (see pyrogalloquinone). A very delicate reactjun 
of pyrogallol is, that its aqueous solution is coloured brown \f 
nitrous acid ; it can hence be employed as a test for the latter 
comjwund." Pyrogallol is employed as a developer in photo- 
graphy as it reduces silver salts. Since it« price is seven timw 
that of gallic aciil, a solution available for dry plate work can l)o 
cheaply prepared by beating 10 gmis. of gallic acid and 30 grms. 
of glycerol to 190° — 200° as long as caibon dioxide is evolved. 
The theoretical yield is thus obtained. After cooUng, the residue 
is dissolved iu 1 litre of water.'' Pyrogallol is also employed as 
n hair dye and for different analytical purposes. It is further 
made use of in tho manufacture of some colourijig matters, such 
OS gallein and coiinilcin, 

' De Lnynoi and Espersudiou, Ann. Chem. /Vim 
' r«rM>niie. ZfUathr. Chem. I8fl», 728. 

* Wfljl and Zeitler, Li^ig't Ann. cev, 2(14. 

* CiUvert Btid CKwii, Jnn. CAum, Pharm. cxii. ! 

* lloDssingBalt, Urid. o: 

* i4(-hi>lllli!m. XniLirAr 
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ioi8 Fyi'ogallol dimethyl ethers C(jH3(OCH3)jjOH, is found in 
WchwooJ creosote, and is formed when one molecule of 
pyrogallol, with two molecules of caustic potash and two 
laolecules of methyl iodide, is dissolved in absolute alcohol 
and heated to 150° — 160*. It crystallizes from boiling water 
in white prisms, melting at 51° — 52° and boiling at 253°. It forms 
fine, crystalline salts with the alkalis, which do not become black 
in the air.^ 

Tlie ethyl ethers of pyrogallol are obtained when pyrogallol is 

Seated with caustic potash, ethyl iodide and absolute alcohol to 

^00°.^ After evaporating off the alcohol the residue is distilled 

^Hth steam. The triethyl ether comes over together with some 

diethyl ether, from which it can be separated by means of caustic 

iHtash, in which the first compound is insoluble. In order to 

^^parate the residual mono-ethyl ether from any adhering diethyl 

^ther, the latter is extracted with cold benzene.^ 

Pyrogallol mono-ethyl etJier, CqH3(OC2H5)(OH)2, is tolerably 
5?oluble in cold, readily in hot water and in alcohol, but very 
slightly in cold benzene. It crystallizes in needles melting at 
95°. Its aqueous solution is coloured bluish violet by ferrous 
sulphate, and its alkaline solution turns brown in the air. 

Pyrogallol diethyl ether, CgH3(OC2H5)2(OH), is readily soluble 
in cold benzene, slightly in cold dilute alcohol, and readily in 
hot. It forms crystals melting at 79° and boiling at 262^ and 
its alkaline solution is not coloured brown in the air. 

Pyrogallol triethyl ether, 0^113(002115)3, crystallizes from alcohol 
in fine needles, melting at 39° and boiling at about 250°. 

Triacetopyrogallol, 0^113(0021130)3, is obtained by the action 
of acetyl chloride on pyrogallol, and forms crystals which 
can be sublimed and are almost insoluble in water.* 

PyrogalloquinoTie, OjgHigOg = G^fi^. + ^OgH^Og, is obtained 
by the direct combination of pyrogallol with quinone. It dis- 
solves in ammonia with a deep blue colour which soon dis- 
appears. According to Wichelhaus it has the formula O^gHj^Og.^ 
(See p. 167). 

Pu7-purogallin, OgoH^gOg. Girard obtained this compound by 
oxidizing pyrogallol with silver nitrate or potassium permanganate 
and sulphuric acid.® According to Wichelhaus, who prepared it 

* Hofmann, Bcr. Deut^ch. Chcm, Gcs. xi. 333. 

" Bcnedikt, Ber, DctUsch. Chem. Gcs. ix. 125 ; Hofmauii, ibid. xi. 798. 

* lienctlikt and Weselsky, Monatah. Chem. ii. 212. 

* Nachbanr, Ann. Chem. Pharm. cvii. 244. 

» Bcr. Dcutach, Chem. Oca. v. 846. • Ibid. ii. 562. 



JkMiMAXlC COUPOCKD& 

% He aetaiB «f efca^uc acid sofaittaD oo prrogallol, it has tbe 
faw^ C^A/V' ^^^ ^*^ *^ ***^ observed by Strnve 
ia kis iancaq^tHM* «• Um actkn of nascent osygtrn on pyro- 
^AIL & faaarf l&M il is fanaed when a dilate solution of 
M^l IB oatoct vitli aaHra, malt ejttract, &c. 
d ia puiam «f mtr. It ia more readily obt 
tt arialkv of gvm anbic* Loew, wlio 
% aSawiag a aolatioo of pyrogallol and sodinta 
tamd n tbe air. bdieTvd it to be idpotical villi 
iLiatuut aad Ouuitard, who, like Giraid, 
jrT'f**''y*T* *y**tT ■»'TTf«*^-» of pyrogallul with silver 
ni' f'T. ioiiBd tke asK i iaa|wiiitiiiiii as tbe bitter, and observed 
that |7ivptQ«|vUMMe aad aaotlm body, which has not yet been 



, are also fcnael. Tbe best method for the preparatioa 
of mmmi ugalHa a that (tf Strove ; 10 grats. of pyn^alJul aie 
diflBolTed in 500 cc of a 10 per cent solatiun uf g*im, and 
tbe aohitiaa allowed to siaad in a la^ bolt-bead fur several 
weeks. Br tids method a yield amounting lo 67 per cent tf 
wei^t of tbe pyrogaUui used is obtained. 

PorparogaQia oystallizes from sleubol in brown, velvet-likfl 
needles, melting at 236*. It forms a sodium salt, C^^^'Sifi^ 
which crystallizes with difficnlty in deliquescent needles, av^ 
gives with barium chloride an almost insoluble precipitate o> 
Ca,II,,BajOy By healing it with acetic anhydride, we obtain 
tbe aceUte, C^H,,0,(CjH,0)^. crystallizing from alcohol io 
Itutrous, brown needles, melting at 186°. By heating with 
concentrate!! hydriodic acid, purpurogallin is converted in^ 
the hydrocarbon Cj^Hj^. which boils at 195° and undei^o^ 
polymerisation.' 

Trkhl^-ipyroffalM, CoCL,(OH),. is obtainod by passing dr^ 
chlorine through a well-cooled mixture of pyrogallol and acet**? 
acid, and (rystallizes in fine needles containing 3 molecules cA 
Wftter, On adtiing baryta water to its etherital solution a bla' 
colouration is produced.^ 

Tnliromcjfi/roffaUol, CoBrj(OH]3, is fomic^i by triturating i 
mixture of bromine and pyrogalinl, and crj-stallizLS from lie* 
wnttT in luAtrous, flat, rhombic needles." 

' H'r. PeiiiJKh, Chem, Qa. v. 818. 

* Ann. Vhem. I'harm. clxiii. 1U2. 
' Joum. PnM. CHem. {2). it. 823. 
< Compl. Bmd. xGiv.llSD, ISSl, 1S63. 

* Wotwtf^r, Joui-n. Chem. Sue. 1881, i, 20S. 

* lllMiwatx, AaTt. Chcm. flianA. cxlit. 2G0. 



XUropyrogallol, C^(NOJ(OH)^+ H,0. is obtained by pass- 
ing nitrogen trioxide through & solution of pyrogaJlol in ten 
i^imra ito quantity of ether until carbon dioxide commences to 
lie evolved. It crystallizes from boiling wattT in long, thin, 
lirownish yellow needles or thick rhombic prisms, which become 
imhvdrous at 100*. and melt with decomposition at 205°, Its 
fiiliitiun is coloured deep red by lime-water, and green by 
fiTfic chloride. 



PHLOROGLUCINOL, CeH/OII)^ + 2Hp. 

1019 HlasiwctK first prepared this body by heating phloretin, 
C.jHjjO^, with caustic potash. This substance is thus decom- 
posed into phloretinic acid, CjH,(OII)CjH,.COgH, and phloro- 
fc'fiidnol, which obtained this name on account of its exceedingly 
sffeet taste.' It is also formed from various glucosides. plant- 
^*traets, resius, &c., auch as quercetiu, maclurin, cateclun, kino, 
o'Knboge, dragon's blood and others, by fusing them with caustic 
iKitaah.* It is likewise obtained by the action of sodium amalgam 
"f caustic potash on morin,' Cj^Hfi^, which occurs together with 
"laclurin, Cj^HioO^, in fustic. The latter compound, which is 
'"hlained in the impure state as refuse in the preparation of 
fiiBtic extract, is well adapted for the preparation of phloro- 
gliicinoL' It is fused with 3 parts of caustic potash and some 
Water until the mass becomes pulpy. After cooling it is dis- 
solved in water, acidified with sulphuric acid, and extracted 
witii ether; on distilling off the latter, the residue is dia- 
Bulved in water and lead acetate added to precipitate the proto- 
catfchuic acid. The solution is then treat(«l with hydrogen 
sidphide, and the phloroglucinol obtained from the filtrate either 
by evaporation or by exhaustion with ether (Hlasiwetz and 
Pfaundlor). 

It can also bo advantageously prepared from resorcinol by 
fusing this with a tolerably large excess of caustic soda, until 
the violent evolution of gas, which commences after some time, 
moiierates and the mass has become light chocolate-coloured. 
The solution is acidified with sulphuric acid, extracted with etiicr, 

' Jnn. C/u-m. Pharm. icvi. 118. 

» HliufiwoU, ibiil. ciii. S8 ; CKixiv. ]]S ; cxxxviiL 100; Hlnsiwctz and 

Widler, cisviL 857 ; HLuiwetz aud Barlh, ixixiv. 283 ; cs^iVTili, 08. 

fjm. cxliiL SS7. 

'Ikt, ibid. uUxxv. Hi. 



«d tf«, phW^innnal obtained by evapoxatioo. and r«™*« 
IfawL' A««nling to Tiemann and WU], the adheriD- ««^ 
au^ be renwTed by heatmg the phloroglucinol to lOO" « 
muBteDin^M inteiTaJa. the rnsorcmol being thus snbUmed. Tbt 
«1» BOOM the cnriDus fecta that etber diasolvea phJorogioda 
mm madily frno » neatral than fr.,m an acid solution and tlri 
If the aoIttBoa be aotuiated with common salt, a Urge pc ~ 
^■*^ phlufogiochi.)! separates .oat.' PUoroglacinol is kb 
d by fbaing bwizenetrisulphonic acid with an excea t 
aoda.' 

8 recently atcceeded in syntheaiaing phloroglucinol ■ 

n of ^thyi malorote. CH,(CO.OC,H^V on sodiom 

e be obtoin^ the ethyl etber of phlorogludiKi 

Kit C^O,;CO^C^^„ which on insion whb 

n ywlds pWoroglndnoL From this it woald ahw* 

iteS it has die EifUuwing coostitDtion : 

CO 







CHy 

lbs weir is eoafirmed by the fact that it fonns a trioximc, 
C^CX.OH)y On the other hand, phloroglacinol bek-ives ii 
many teactaona as a tdbydiQxy benzene, and it appears to exis) 
ID both fanna, one easily dnnging into the other.' 

It bieadtbaofaAleinvata', alcohol, and ether, and crystallizes 
in mall pbti'n or rhomluc tablet?, which lose their water of 
ctystalliaktion at lOO", and melt at 209°. At a higher tempera- 
tore it partially sublimes without decompoatioa. It redacea 
Fvhltng^s sotntion ; dilute nitric acid converts it into nitiophloro- 
glttnnol, while the concentiatcd acid oxidizes it to oxaUc acid. 
Aqacoos ammoma converts it into pbloramine, CaHj(OH}«NH_ 
which will be sub6e<)Uently described. This reaction is very 
remarlcable, ^ce the other phenols only exchange a hydroxrl 
group for aa amido-group with difficulty. Its aqueous solution 
is colonred a bluish violet by ferric cidoride. As already statei), 
it is, in presence of lij-<irochloric acid, a delicate reagent for 
Woody substances, which produce with it a reddish violet 



' Rnrth «ii(l Sthredsr, Her. Deutaeh. Chan. Gm. 



!c ii\s<i L.1UC, ibid, iviii. 6 
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lUon (Vol. lll.Pt. II. p. 584). A solution coutaining 08: 
iL of phlorogluciDol colours pieces of pine wood, moistened 

hydrochloric acid, a distinct red, and even when only O'OOl 
mt. is present, the reaction takes plare if the wood be 
ii to remain in the solution for twenty-four hours. In 
■ay a Hgnification of the tissue can be recognised in the 
earliest stages of vegetable growth. Phloroglucinol is only 

ttk antiseptic, and, unlike its isomeride pyrogallol, it is not 

sing a very dilute aqueous solution of phloroglucinol 
:BaUine nitrate, or toluidine nitrate, with potassium nitrite, 
innilion-coloured precipitate of azobenzene -phloroglucinol or 
lolnene-pbloroglucinol,' separates out after a short time, 

D Phlorajlncinol diethyl ether, CaHg(OCjHj),OH, is obtained 
Bturating an alcoholic solution of phloroglucinol wilh hydro- 
ivic acid. It crystallizes from Iiot water in long, lustrous, 
w-white crystals, melting at To". 
fklorogluHikol ti'icthy} etkrr, C'„Hs(OCjHj)a, is obtained when 
I preceding eoni|K>und is heated with caustic potash, ethyl 
Bde, and alcohol. Water precipitates it from its alcoholic 
atioii in fine crystals melting at 43°.' 

TriaeefopkloToglucinol, C(,H5(OCj,H30),, is formed by the 
"' o of acetyl chloride on phloroglucinol, and crystallizes from 
tiai in Email prisms, insoluble in water.* 
friefUoTophlwoglucinol, CJd\{OB.)g^ 3HjO, When an aqueous 
don of phloroglucinol is treated with chlorine, dicbloracetio 
is formed, thus affording a proof of its symmetrical structure 
181): 

CflHflOa + 3H,0 -t- GC\ = SC^HjCUOj -|- CCIH. 

however, the reaction be carried on in absence of water, 
1 if chlorine be passed through a mixture of phloroglucinol and 
^^ichlororaetliane surrounded by a freezing mixture, trichloro- 
*roglocinol is obtained. It is almost insoluble in cold water, 
Kalltzing from warm water or alcohol in fine needles, which 
S their water of crystallization over sulphuric acid, melt at 
and sublime below this temperature. By the spontaneous 
poration of the alcohohc solution it is obtained in large 
Ittparent needles. 

' Andrpor, Bcr. Deutach. Clicin. Oet. xvii. Ref. 3S1. 

• Wcwtlsky. ibid, ii. 216 ; WcgclBky wid BeuiMiikt, xii. 220. 
' Will tutd AJbrecht, A««.. Chem. J'hann. xvu. 2107. 

* lIlMiwcU, I/iiil. ciii. 201. 



- Bf acting on ihe mixture of phloroglitctnol ami tetnchk 
T—r^MM. at the Ofdinaij beinpeimlare, chlorine substitatio 
prodnctB of aceteMefajrle and acetic add, eqiecially trichloracel 
add. areobtuoed.* 

Trilnmupkl«nsUd*oi. C^Br^rOH), + 3HjO, ia obtained 
the actim of bronme walw on phlorogfuciuol. and crystallia 
ID prisnL* Cold nhiic acid converts it intu bribrumodiniti 
propioDic acid : * 

C,H^,0, + GNO,OH = CjaBr,(NOt),0, + SCO, + m 

+ a JO, + ♦HjO. 

By gradoaUj adding 10 parts of brumine to an 
soiation of 1 part of pbloio^ocinoL. phlorobromine, C,HBi^( 
is fbnned. ciTstalliziiig from cblorufonn in lustrous rt 
prisms, meltii^ at 152". They are not attacked by htaia 
caostic potash, sodium amalgam or coDcenttated nitric acid, 
dissolve in warm alcohol forming pentabroniacetone.* 

Nitnpht&mffltieinoi, C(Hj(>'OJ(OH)^ is obtained by dissolvin 
phloroglacinol in warm dUute nitric acid, from which it se] 
in reddish yellow scales, dissolving in hot water and crystalliai 
in plates. 

TrinitmjMaro^McUoi, C,(NO,l,(OH)j, is obtained by addii 
the potassium salt of trinitrosophloroglucinol, which is describe 
below, to a mixture of etgual part^ of concentrated sulphi 
antl nitric acid of speci6c gravity l'4l), in very small quantitit 
at a time with continual agitation. Pieces about as lai^ ai 
pea kindle on the surface of the liquid and swim about 
glowing balls with a hissing noise until they are dissolved, 
larger pieces are added, violent explosions may occur. 

Trinitropbloroglucinol crystallizes from hot water in yoUoi 
hexagonal prisma containing a molecule of water which tb4 
lose at 100°. It commences to sublime at 130°, melts at 15fl 
and explodes when more strongly heated. Like picric aad. 
dyes wool and silk, but produces fuller and more beautiful torn 
It gives the bopurpuric acid reaction with potassium cyauid) 
and docomposes carbonates fomiiug three series of explosin 
salts ; of these the moat remarkable are : 

(1) C„(NOj)j(OK), forms orange-red needles, often 
long, having a diamond-Ukc lustre. 

' Wrbnlcr, Jcmm, Ctiem. Soe. IS85. i. (3J. 
' Hliiaiwi-tJi. Jahrahrr. ISO."-, 702. 

• Banedikt, Ann Chen. Fharm. cltiviv. 2C5 

* Ibid, oUixix. Its. 



) C((NOj)3(OK)sOH occurs in deep yellow crystals, which 
■ lustre than those of the normal salt. 
i(NOj),OK(OH)j + H„0 crystallizes in long, very fine, 
illow needles with a silky lustre. 
mUrosopkloToglneinol or Qainoncirioximc, Co03{NOH)3, 
ftVheu 10 grms. of phloroglucinol are dissolved in 300 cc. of 
nter containing 12 grms of acetic anhydride, and a well-cooled 
ieentrat«d solution of 16 grams of potassium nitrite is added 
s hquid. cooled to 8° — 9°. an acid potassium salt of this 
1 separates out in green crusts. If it be allowed to 
d for half an hour and treated with excess of caustic potash 
hen alcohol, the neutral salt, Ce(NO)j(OK)a, is precipitated 
le green needles, which are very explosive, 
adding lead acetate to its dilute aqueous solution, a yellow 
rjfecipitate of the lead salt is obtained, forming, when dry, a 
I dnnamon -brown powder, which explodes on heating with the 
I greatest violence. By decomposing it with dilute sulphuric acid 
a presence of alcohol and allowing the filtrate to evaporate, 
liimtrosophloroglucinol is obtained in warty needles.' It 
probably has the following constitution ; 
,C(NOH)CO 



CO 



^C(NOH)CO 



^CNOH. 



Aceonling to what has already been said on the constitution 
"f quiiionoxime (p. 70), this may also be considered as being 
Hirived from benzene, each pair of hydrogen atoms being replaced 
Wlhe divalent group, — N(OH)— O— . 

PhloToglueinnllTioj^ime, CflHg(NOH)j. is obtained by the action 
if bydroxylamine on phloroglucinol, and forma a sandy powder 
uch is very sparingly soluble in water and alcohol, blackens 
1 heated to 140°, and explodes with a red fiame at 155°. 
I bu undoubtedly the following constitution : 
OH. 
/\' 
HO.N=C Cz=N.OH 



\/ 



' Bmiedikt, flo*. n^ihch. Ch 



IM ABOUATIC COUPOUNDS. 

As already stated, phloroglucinol is also obtained by fusii 
phenol with caiistic soda. According to Gautier the i 
phenoglucinol, CoHjCOH^j + 2HjO, ia obtained in this way, I 
This ciyatallizea from water in large prisms melting at 200''5,^ 
possesses a very sweet taste, but only gives a faint violet colouB 
with ferric chloride. According to him, the trihydroxybenffiM 
obtained by fusion of quercitol, ia also different from phlon 
glucinol, and Le baa named it " qtierciglucin," 3CoH3(OH), -t-B 
2H2O. It loses its water and melts at 174°, and has a sli^tljm 
sweet taste. This substance has been found to be simply impotofl 
phloroglucinol.* Finally he obtained " oenoglucin " by fusing tbe 
colouring matter of red wine from Carignane with potash. ~ " 
substance is vory similar to phloroglucinol, but is only ColoilP 
a light violet by ferric chloride.^ 



HYDROXYQUINOL, C8H,(OH)3. 

1021 This compound is obtained, together with diquimyl, 
Ci^HgtOH),, and hexhydrosydiphenyl, C,|.H,(OH),, by fueb^' 
quiuol with ten times its quantity of caustic soda until the cvol». - 
tion of hydrogen ceases. It crystallizes from ether in microsoopi*-" 
monoclinic plates or tablets, melting at 140°"5. Its aqueous sola - 
tion becomes rapidly coloured in the air, but more rapidly when 
a drop of a solution of an alkah is Eidded ; it ia in this respect 
as sensitive as a solution of catechol. When applied to the skin 
it produces a brown colouration, which after some hours turns ' 
black. By adding a little ferric chloride to tbe dilute solution, a 
brownish green colouration is produced which rapidly disappears', 
on addition of a little carbonate of soda it becomes a fine dark- 
blue, and on addition of more, wine-red. Ferrous sulphate givea ' 
no colouration, but after the addition of a little carbonate of b 
the solution tuins violet, and on a further addition becomfli 
intensely blue. Hydroxyquiuol dissolves in sulphuric acid for 
ing a green solution, which gradually turns violet, and on heati 
cherry-red. 

When hydroxyquiuol undergoes dry distillation, part ia v<d 
tilizod undecomposed, and the remainder ia reduced to qui 
the mass becoming charred.' 
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tdnvn/guinal tritiJtfl rOtrr, C,H^OC^Bgy. h 
Uig the cftlcium nh «f the coma 
Lnd forms nystab meltiag at M^.* 

loxyquiDol with acetic M h y dride and avlijdiaHi saAi 
It cnp-stallues from aleBkal IB iae, ^ti lg. bai 
1, melting at 96'-5. 

! addition of nitric acid to a cold, jqti a i Hkt 
boxyquinol, in small, cUik. grey-fafne cijMalf «itk • 
i lustre. 

whydroryquifunu, C^Br,0|^H),ii 
■ I mixture of hTdroxyqaiiMiI and diy 
n chluruforu) in splendid, oiange-red, ciyBtaUnke giaraoles. 



HEXHYDROXYBENZENE. C^OH)^ 

loai By the reduction of nittsnilic acid {p.163),diainidotetj>- 
hjilroiybenzene, Cj(SHi)^OH),. b fonoed, as will be wSba- 
"nnls described. By oxidinng the bydrochloriile of tbis 
nmpMund with strong nitric add, a oolonrieas Bobd body is 
obtamed, the analysis of which gave the formula C,H^O„ 
vbich at first sight appears very singular. On adding this I 
wbxbuice to a solution of stannous chloride, made strongly \ 
*M with hydrochloric acid, h^xhydroxy benzene separates oot 
^ft<^rsorae time in greyish-white needles. It is slightly soluble 
'" colli, more readily in hot water, and is reprecipitat<.-d by 
liydruchloric acid. 

It is only slightly soluble in alcohol, ether and benzene, and 
^^''- solutions turn violet in the air. It reduces silver solntion 
^uicltlj in the cold ; on distillation with zinc dust it forms some 
'"■izene. together with a solid body, which appears to be diphenyl, 

tiexiuetohydroxybeTtzene, CJfiC^Ljy)^, is obtained by boating 
J"-'* hyilroxy benzene with acetic anhydride and sodium acetate. 
^ Is a, crystalline powder, almost inaoltihle in alcohol, etlier and 
"^•izenc, and erystallizea from boiling glacial acetic acid in 
^^all, boautifuUy-developed. apparently rhombic prisms, con- 
fining acetic acid, which escapes at 150°. It melts at 203', and 
"** cooling solidifies to a colourless crystalline mass. 

> WUIanJ AUiracht, Bcr. Dcidi^h. Cheui. <7ui. xvii. S1D8 
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Tetrahydroxyq^dnene, CpO,{OH),. — On decomposing a co 
solution of hex hydroxy benzene, which has been saturated wh: 
hot with sodium carbonate, the surface is colourod deep yella 
and almost black, stellate needles separate out, having ' 
formula CflOj(OH)j(0 Na)^. These crystals have a green meta 
lustre, and their formation is hastened by the iutroducti 
of air. 

The barium salt is a dark red precipitate, which on dryi 
shows a green metallic lustre, 

Scnzotriquinone, or Uiquitwyl, Cfi^ + 8HjO. — This is I 
compound, CgHj^On, mentioneil above, which is also obtained 1 
oxidation of the preceding compound, as well as by oxidizii 
hexhydroxybenzene with nitric acid. It is almost insohible 
cold water and alcohol, and crystallizes from warm dilute niti 
acid in colourless, microscopic needles. 

J^ihydToryhejixodiquinone, or dihydToxydiquinoyl, C80,(OH 
is obtained by warming triquinoyl with aqueous sulpburo 
acid to 40° — 50°, and saturating the yellow solution with carbona 
of soda ; the sodium salt, CoOj(ONa)„, separates out in splend 
lustrous violet needles, which on drying assume a green meta"^ 
lustre. Its solution gives a bright vermilion precipitate "« 
barium chloride. 

When triquinoyl is heated to 100°, or boiled with water, i 
caustic potash added to the residue, potassium croconate 
obtained : 

CoOo + H,0 = C^HjO, + CO^ 

This body is also obtained by the action of an excess of caui 
potash on tetrahydroxyquinone and dihydroxybenzodiquino 
as well as by boiling diamidotetrahydroxy benzene with cam 
potavsh in presence of air : 

CbH,0,(NH,.)j + 4K0H + O = CsKjOb + 2NHs 
+ KjCOj + HgO. 
This reaction and the properties of hexhydrosy benzene nw 
it appear very probable that the substance in question 
identical with the trihydrocarboxylic acid, C^^yf>■^^. wh 
Lerch obtained by the action of hydrochloric acid on fresbli 
prepared potassium carboxide (COK),^. By oxidation wit 
nitric acid he obtained oxycarboxylic acid, Ci|,H^,Ojj, which : 
probably triquinoyl, while tetrahydroxyquinone appears to I 
identical with dihyd rosy carboxy lie acid, and dihydroxybeni 
quinone with carboxylic acid (Vol. III. Pt. II, p. G34). 
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This has been confirmed by further researches, by which it 
[W been shovm liiat rhodizonic acid is identical with carboxylic 

Croconic Add, C^OgHg, is dibasic, and forms two series of 

|dit8, Cp^KNa, C5O5K2, C^OgKH. The leuconic acid obtained 

I ly its oxidation has the formula Gfi^ -f ^HgO, and is converted 

Iff hydroxy lamine into a pentoxime, C^(N.0H)5, a yellow crystal- 

Ime body, forming an explosive potassium salt, CgHjKpN^Og. 

Leuconic acid, therefore^ corresponds to triquinoyl : ^ 

Lenconic Acid. Triquinoyl. 

CO — CO CO 

II /\ 

CO CO CO CO 

\/ I I 

CO. CO CO 

\/ 

CO. 

It ftlso follows from the above observations that potassium 
carboxide has the formula Cg(OK)g, or that this compound is 
contained in it. Liebig, who prepared it by heating potassium in 
a current of carbonic oxide, says that the development of the 
Mea that carbonic oxide is a radical has led to most singular 
tod remarkable results.' The most remarkable, however, of 
which Liebig could have no conception, is a direct synthesis of 
benzene- derivatives from inorganic bodies,* which is more simple 
^ any other. 



QUERCITOL, CeHyCOH)^. 

'023 This body was found by Braconnot in the acorn (the fruit 

^^Qiieret^racemosa and Qtcercus scssili/lora), and considered by him 

^ '^e milk-sugar («4(T« de lait).^ Dessaignes found that this "acorn- 

'^^S^" (suere de glands) is a distinct compound, and gave to it 

*"^ name now generally used.* He also found it in the rind of 

^^ accm,^ and the leaves of the fan-palm {Chamwrops humilis)? 

^ Ber. Deutach, Chem, Oca, xviii. 1833. 
^ Ntetzki and Benckiser, ihid. xix. 298. 
' Ann, Chem, Pharm. xi. 182. 

• Nietzki and Benckiser, Ber. DetUseh, Chem. Gcs. xviii. 449. 

• Ann, Chim, Phya. (3), xxvii. 892. 

• Ann, Chem, Pharm. Ixxxi. 103, 251 ; Compt. Bend, xxxiii. 808 ; 462. 
' Bottio^er, Liebig' a Ann. ccii. 269. 

• Hugo MiUler, private communication. 
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In order to prepare it, the cold concentrated extract of the acoi-n ia 
decomposed with lead acetate to precipitate tannin, colouring 
matters, &c., and yeast added to the filtrate to remove glitcoso. 
The liquid, freed from lead, is evaporated until crystallization 
commences, and the crystals, to which inorganic salts still adhere, 
purified by recrystallization from dilute hydrochloric acid.' 

Quercitol has a sweet taste, and is more readily soluble in iio^^ 
water than in cold, but is insoluble in absolute alcohol or elhe*^-. 
It crystallizes in monocHnic prisms, melting at 225°, and ^^^ 
dextrorotatory* On dry distillation it decomposes n-ith io-^. 
mation of quinol, quinhydrone, and other bodies. These are aL^o 
formed, together with benzene, phenol, and iodophenol, when 
is heated with concentrated hydriodic acid. Volatile iodides a 
obtained at the same time, which on heating with an excess 
hydriodic acid are transformed into hexane (Pninier). Quertitol 
is also obtained as already stated by the oxidation of quinana 
(p. 155). 

The five hydroxyls of quercitol can be successively replaced 
by acid radicals. By heating with hydrochloric acid, chlorides are 
formed, the final product being pentaquercylchloride, CgH^Clj, 
which crystallizes in neetlies melting at 1 02°. 

Pentanitroxyquercitol or nitrogtiercitol, Q^^(i^O^^, is obtainwl 
by the action of a mixture of concentrated sulphuric and nitric 
acids, and forma a transparent, resin-like mass, insoluble in water, 
but readily soluble in alcohol.* Various ethereal salts are ob- 
tained by heating quercitol with fatty acids or their anhydridf* 

PciUac^ogV'CTcitol, Cj^-,{OG^fi\, is obtained by the continued 
heating of quercitol with acetic anhydride, and is an amorphoo* 
mass which is roatlily soluble in alcohol, slightly in water, and 
tastes very bitter.* 

Quercitol probably has the following constitution : — 

OH, 
/\ 
HO.HC CH.OH 

HO.HC CH.OH 

\y 

HO.C'H, 



1 



' PniniBr. Ann. Chi'n. Phyt. (5). irv. 1. 

' Berthelol, Chiin. Org. ji. 218 ; rninier, lot. cil. 

' Hofiniuiii. Ana. Ch<m. Pliaiin. cxc. 



iiiil BuiLiielol, CJiiiii. Org. Mid I 



AMIDO-DERIVATIVES OF BENZENE. 



Amidobenzene, or Aniline, CgHgNHj. 

[ By the dry distillation of indigo, Unverdorhen in 1820 
, together with other products, a, pecuhar liquid body, 
1 combined with acids to form crystallizable salts, and 
e named " cry stall ine." ^ 
Runge, in \82i, found a volatile basic compound in coal-tar 
oil. which gave an azure-bluo coluuration with bleaching powder 
loltltion, while the solutions of its salts were coloured violet- 
blue. He accordingly named the new compound " blue-oil " or 
"kynnol."' He also found that it coloured pine-wood and the 
pith of the elder-tree yellow, and that when a solution of cupric 
I'Moride is spread on a porcelain plate heated to 100°, and after 
it hiu become dry a drop of kyanol nitrate solution added, a 
preenish-black spot is obtained.' 

Fritzsohe. in 1840, examined the products which are ob- 
taiued when indigo is distilled with caustic soda or caustic 
poiash, and found among them a basic oil, which has the 
fiinnula CJH7N', and forms salts which crystallize well. This he 
Dfimed aniline,* the word being derived from anil (niln, Indian, 
''''le; anil, Arabic, the blue), under which designation the 
"irtuguese introduced indigo (^[vBikop, indicam, the Indian 
™'our), which waa known to the Greeks and Romans, into 

In a po.stscript to thia memoir, Erdmann says that aniline is 
"'^cJoubtedly identical with kyanol. 

_ Two years later Zinin found that when an alcoholic solution of 
^**obenzide (nitrobenzi'ne) is saturated with ammonia and then 
^^oted with sulphuretted hydrogen, an oily, basic liquid, which 
^ Qameil benzi<]am, is obtained, which forms crystallizable salts 
'*^^ has the formula CgH.N.'* Fritzsche then observed that this 
**ljsta]icc is simply aniline. 

The identity of the three bodies wn? then experimentally 
wed by Hofmann," who proposed lo name the substance 
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Ihid. xni 66, 613 ; iijcii. 331. 
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An™. pTaa. Chem. xx. iBS. 


» Ibid. jLjyix. 1( 


.iM. Cham. PKarm. zlriL 37. 
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fv>na tlie liydnx;lJori(ie. Tliis. liuwuver, in ]»reseiice of iron and 
uitrobenzene, beliaves exactly like liyilrochloric acid, free luiiline 
King formetl, whifh then reacts with the ferric chloride in 
iirwence of wat«r, ferric oside aiid aniline hydrochloride being 
lirudoced. Acconling to the theory, therefore, a small amount 
u/ acid is Bufficiont, when enough iron is present, to convert im 
linlimitecl amount of nitrobenzene into aniline. 




The cast-iron apparatus which is generally eniployoil ia shuwQ 
ill Fig. 1 1. It consists tif throe parts, the lower half l»eing made 
in two pieces, so that that wjiich is first Jestroyt-d by th« ncid 



OBbKtai^ 




eover are tbe necessary openings 

a maohole for the itt- 

iy a voodeu stopper. In the 

the iron resitluea can be 



M |wte «r vi^er. ^ pKte rf finely-dirided rast-iroa &lillg^ 
aaii ft t» W lavb of tjilnw Mimmi aeid are pLac-ed in tbe vessel, 
^d IM fvB vf ■iliiAiiBBM QgcDoxUT 500 kilos) allowed 
■a Imt is, tk lymug beng kept in mutioo. In order to 
alwt Iks 1 taction, sttaoi b Uawn tkrcx^h. and this is kept np 
iane Ar gnAwI aifilM sf 73 parts of damp iron filings, 
wUidk «e nkfciil as auon as tke first %-iolent reaction has ceitseil, 
tka mixXan not bdng aftnnad to get cuoL If tlie filioga are 
aikM too i|aiekly tbe leattjaa becvaaes so violent that some of 
die ^wiKw^ is redn ee j to h M» ! n e and ammooia. Fioally, ftoto 
10 to SO parts a£ Ay fiKoga aie add«d. Any nitrobeiizeiie 
wbiA IS vubtifised dvriog tbe opeimtinn is condensed in a 
rertial coaler aad flows back into tbe veaacL If all the nitro- 
beoxene hM beoi icdaeed, Ibo tesidbe comststs of anitine, its 
byJ ioc h kride. and SBrrie oxide. Uilk of lime, or sifted slaked 
bne, is then addted, wad tbe aciHne distilled off in a eiurent of 
h%fc-pcessaie steam blown through the hollow agitator. The 
distillate separates into two lavvrs ; tbe lower is aniline, tb^ 
upper b an wjoeoos solution of aniline nnitaiuing 2 to 3 pc 
cent of the oil, and is used to provide tbe steam for the aeK^ 
operation. The aniline is iben puriSed by distillation fro**^ 
iron vessels, Tbe iron residues are sent to the Mast fumaces- 

According to Laurent, small quantities of aniline are form^^ 
by beating ammonium phenate to 300° for some time.' Berthel*'^ 
who repeated this experiment, <fid uut obtain a trace even * 
It is obtained, however, together with dipheuyl&mine, l>- 
heating phenol with sal-animomnc and fuming hydrochlonc ac>' 
to 310°,' anfi also by the continued beating of phenol wit! 
ammoniaca] zinc chloride to 280° — 300°,* phenyl ether beidf 
formed at tbe same time. 

When pure benzene is used in the preparation of aniline, tb* 
aniline obtained is likewise pure, but lliis is not tbe case with th£ 
" pure " aniline of commerce. In order to obtain perfectly purA 
aniline from this, it is converted by continued boiling with gladsJ 



■ Bsnly Biid DiimK, Ca-'pt. ftrnd. Iixiv. imc 

■ *' ti and Woilh, Str. DaUtdi. Clum. Oa. 
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PHOPERTtES OF ANILINE. IW 

*™tic acid into acetaiiilldo. CjHj.NHCCjHjO) (p. 210), which is 
hy ilistillatiou, washing with carbon disulphide and re- 
ition from hot water until its meltiug-poiot reaches 
l!°, and is then decomposed l>y CAUstic soda (Beilatelu). 
loa6 Properties. — Aniline is a culourlesa liquid possessing a 
and characteristic odour, and boiling under the normal 
mre at ISS"?.' It has at 0° a spocilic gravity of r038, and 
idifies at a low temperature to a crystalline mass, melt- 
al —8°. Aiiiliue which is not jwrfectly pure remains liiiuid 
It at —20°.* On exposure to light and air it becomes brown, 
the more impure it is the more rapidly does tliig colouration 
;e place. It is tolembly soluble in water, 100 parts of tha 
iQtoining at the ordinary tempentture about 3 parts of 
>iiiline; the solubility increases with the temperature. Water 
'''''<o dissolses in aniline, so that 100 piirts of aniline dissolve 5 
parts of water at the ordinary tenipeniture, and somewhat more 
■'' higher temjjeratures.' 

It is miscible with alcohol, ether, and benzene in every pro- 
P**Mion. The aqueous solution neither colouis red litmus paper 
"'Ue, nor turns turmeric paper brown, but chiingea thu violet 
^liiur of the daldia to green. Although it has such a weak 
'alkaline reaction it precipitates the salts of zinc, aluminium, and 
^on, and decomposes ommoniura salts on heating. 

Riin<;e long ago pointed out that an aqueous solution of aniline 
^s coloureil blue by a hypochlorite, or if the anilijie be not qiute 
pure, bhiisb violet, the colour of the solution quickly changing to 
tirowu. Very dilute solutions either give no colouration or only 
a very faint one, but on the addition uf a few droi)s of a very 
•lilute solution of ammonium hydrosulphide the liquid becomes 
rose-red coloured. The limit of this reaction is 1 part of aniline 
in 2.50,000 parts of water.* 

When aniline, or one of its salts, is mixed with concen- 
trated sulphuric acid and a drop of a solution of potassium 
bichromate added, a pure blue colouration is obtained which soon 
disap])ear8.* 

Aniline coagulates albumen and acts as a powerful poison, its 
action, according to Letheby and Tunibull, being chiefly on 
(lie nervous system. AccordingtoGraudhoniiiie the first symptom 



' Thorpe, Journ. Cheia. Soc. laso, i. 231. 

' Lucius Mil Harronnn. Ber. Dcutach. Cham. Gra. 

* Alexejew. ibid. x. 709. 

■ Jafqaemio, ibid. \x. 1133. 

• Beissciiliim, Aan. Vhr-m. Phitrm. Uiwii, 37it, 



SOO AROMATIC COMPOUNDS. 

observed in sliglit cases of poisouiiig, caused by inhaling t 
vapour, is u blue colour on the edge of the lips, accompanied 1 
R state of miid inebriation ; the gait becomes reeling, the Bpee< 
thick, the head affected, and the face pale, while the appetil 
fails completely. In such cases aperients, such as Epsom sitl^ 
Carlsbad salt, &c. are administered ; the use of alcohol aggravate 
the symptoms. In more severe cases, such as arise, for e^tanip]^ 
from saturation of the clothes with aniline, the lips beocma 
dark blue or even black, and the vertigo so violent that IIm 
patient falls. In sucli cases a stimulus in the form of a cold' 
shower, internal application of ether, &c. must be applied.' 

Aniline is chiefly used in the colour industry. In the 
laboratory it is frequently employe<l as a solvent, since it di»- 
solves many substances — e.(/. indigo-blue — which are insoluble in 
the ordinary reagents. 



SALTS OP ANILINE. 

1027 Although its basic properties are feeble, aniline combine 
with acids, forming well-cryatallizable salts. Hence Unverdorbe) 
as has been already remarked, gave to it the name of crysl 
The salts of aniline have been carefiilly examined, but we 
here only refer to those which have receiveti technical applicatJc 
or are specially characteristic. 

Aniline hydrochloride, CgHjN.ClH, is readily soluble in wa 
and crystallizes in needles or large plates, which melt at 1! 
and sublime unchanged. It is prepared on the large ee 
and generally called " aniline salt " ; the platinum chloiii 
(CoH-N.HCl)gPtCl^.crystallizes from hot water in yellow 

Aniline sulphate, (CjHjN)jSOjHj, forms a crystalline 
readily soluble in water, slightly so in alcohol, and insoluble 
ctlier. This last property is taken advantage of in the 
of aniline from methyl aniline. 

Aniline nitrate, CjHjN.NOjH, crystallizes in large rhom' 
prisms or needles, wliicb decompose at 190" with formatioB 
nitraniline and other products (B(5champ). 

Aniline oxalate, (C^J^\Cfi^H2' '^ ^^^7 slightly soluble 
cold water, and crystallizes from a hot solution iu fine 
prisms ; it is slightly soluble in alcohol, and insoluble in el 
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Anilint phmaie, CuHj.NHj.CflHoO, ia formed by heating a 
niuture of aniline and phenol to boiling for some time, or more 
sliiwly when the mixture is allowed to stand in the cold. It 
imnB lustrous tablets, which, after recrystallization from petroleum 

lirit, melt at 31° and boil at 181". Its smell resembles tliat of 
['iitttol. but is weaker; it does not attack the skin like the 
btler.' 

Aniline, like ammonia, combines with many salts. f.Q. metallic 
chlorides, and also with trinitrobenzene. By mixing the warm 
ulcoholic solutions of these, the compound CgHjS.CaH3(NOj)3, 
Kparates out in orange-red needles, crystallizing from benzene in 
^ilendid lustrous plates, which melt at 123° — 124° and rapidly 
give off aniline in the air.* 



I 



SECONDARY AND TERTIARY ANILINES. 



MeihylaniliiK, CoH,N(CH3)H, is obtained, together with 

"imethylaniline, by the action of methyl iodide, methyl bromide, 

or methyl chloride, on aniline,* as well as when the latter is 

Me ated with methyl nitrate,* or when its hydrochloride or 

^BJriodide is heateil with methyl alcohol : ^ 



Hs,NHj.HCl + CH,.OH = C„H6.N(CHs)H.HCl + H,0. 
5,Hj.NHj.HCl + 2CHa.0H = CoH,.N(CHj),HCl + 2HjO. 



In all cases dimethylaniUne is preferably formed, and tliere- 
fw^e a portion of the aniline remains unattafke<i. In order to 
^<^'parato the three bases, dilute sulphuric acid is added as long as 
"'liline sulphate separates out. After the sidphuric acid solution 
'ilirl the free bases have been separated by pressing through a 
"Hen cliith, caustic soda is added, and the mixture which 
"kparates out dried and treated with acetyl chloride until no 
'*-iriher lieating takes place ; it is then poured into liot water, 
"^•i cooling, methylacetaniiide, CBH5.N(CHg)CgHjO, separates 
^"^it in fine, long needles, dimethylaniline liydrocldorido remain- 
***£ in solution. The former is then decomposed by boiling 

f D«!« and Sehorleinmor, Liebig'i Ann. ccivii. 387 ; G. Dyson, Jaum. Chcm. 
in63, I 4S6. 

I, Jan. Chem. Pharta. ccsv. S56. 

id. Uxiv. 150 ; Ber. Dailteh, Chem. Oct. i. 688, Ml. 
. - Wt Polyt. JouTTi. cciuiT. 233. 

^^ mi Chappot, Bnll. Soc. Ckivt. a. (0), 602 : lUinliardt snd Staodvl, 
-V Chat. Om. Kvi. 2!t. 



wttli fajilinchknc bchI (Ho&uum). Tbi; moderately conceBtratnl 
frtinfrTti «f tht hydrodi Widea of the three bases inay 
miad wiA sodiam nitnte in Hie eoU, when diazobei 
«U*nle and nltraodiiaeCfa^lamiDU hydrochloridu remain 
methjlaniline. CflHs-NCCH^jNO, sej 
1 b extfacted with ether aud converted intft . 
! bjr ticatmeDt with tin aui] hydrochloric aoi* 
I a also obtained by the action of med^ 
B Metndlide, C(H5\(CjHsO)Na. and the decom- 
B td tfae eaaqtooiM] thus obtained by caustic potash.* 
'milbw is s liquid resembling aniliDe, boiling at Vjf, 
; mo vAoanidoo with bleaching powder solution. 

te, C,HsS(CH^NO, is a light yellow ml 
c odour. It b not volatile in a1*!am,' 
mf iMnitfjifam/tw, C,H^.N [CH^V is easily obtained pure by | 
haatiag trimethy^lketiylamniouium iodide* in a curreqt of 
byiiro^lorK ac^ as well as by the dry distiUatton' of ita 
hydivAide. It fisms with IrinitrobeDzene the cotnpMMid 
C,H^SiCH^:j.C,H,;XO,V which crystallizes in fine. lustoQttii, 
dark vk>k;t oeedles (Uepp). It is a colourless liquid, boiUngst 
19S". and sulidi^in^ at fr5°. 

It is manubctured ou the large scale, and employed fur nuklBg 
oolours, bol tbe material used for this purpose, as aixttdy 
expfeioed. is nut tlie pure compound, but contains more or hm 
meUtykuultne, aod sometimes aniline. It waj^ first prepared 
■with metbrl twlide, which is still used in the colour industry lor 
otiior porpoe^s, but when the price of iodine rose methyl nitrate 
was einploj-«l as a substitute. By the use of this very explosive 
substance, however, many fatal accidents were caused, and cout- 
niercial " tuethybuiiline " was then prepared from aniline hydro- 
rldOTide and wood-spirit — a method which is still employed. 
The luixtiu* is heated for some hours in an autoclave (Figs, 12 
and 13) to 250"— 280°,a mixture of 100 parts of aniline hydrt>- 
chloride with 50 to 80 parts of methyl alcohol, or 40 parta of 
aniline hydrochloride, SO ports of aniline, and 45 parts of methyl 
alcohol being used. The latter must be pure and quite free 
from acetone, because tliis not only diminishes the yield of 
dimethylaniline, but yields a product which is uf little value 
for the preparation of methyl -violet,^ 

' NiJlting and BroasoD, Ber. DaUaeh. CHem. Oai. x. 796. 

= Happ, iWd. 327. * Fiacher, Lie&ig'l Aaa, aie. 151. 

* Menil, Joiim. Praia. Chem. (2), xvii. S8fl. 

' Knunur uud Qrodzk;, Ser. Vrvt»A. Chem. Get. liii. liioa. 
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1 addition to methylauiline and dinietliylaailine, the pro- 

t contaitis higher boiling basea, suuh as dimethyltoluidine, 

;H/CH3)N(CH3)j, diuiethybtylidine, CaH3{CH0,N(CH3)j, etc., 

B obtained by the entrance of methyl into the benzene 

s} The portion boiling between 198° — 205' forma the 

J methylaniline. 





As methyl chloride is now prepared on the large scale it is 
used in the manufacture of " methylaniline." A mixture of 
catutic soda, or milk of lime, and aniline is heated to 100°, and a 
stream of uiothyl chloride passed in, the mixture being well 
agitat4.->l (Fig. 14). The proportions of the materials correspond 
U> the following equation : 

C,;H,.NH. + 2NaOH + 2CH3CI = 2Xa01 + 2H,0 + 
CoH,.N(CHs)^ 



SM AROMATIC OOMPOUNOa 

The pressure must uot exceed six atmospheres. The methyl- 
aniline is then driven over with steam, and contains about 5 per 
cent, of moiiomethylanihne, but no other by-products. 

Triinethylphcvylammoniuvi iodide, {fi^^fi^^Ml, is a cr}-stal- 
line body which is formed by a violent reaction when methyl 
iodide and diniethylaniline are brought together. The hydroxide, 
obtained by means of silver oxide, is crystalline and very corro- 
sive, and tastes very bitter. It is very deliquescent, but ita salts 
crystaUize well, the picrate being very slightly soluble in water.' 

ParanitTosodimclkylaniline, CpH,(N0)N(CH3)j, is obtained by 
the action of amyl nitrite, or sodium nitrate, on dlmotbylanilint- 
hydrochloride.* It is prepared on the lai^ scale as follows: 
10 parts of dimcthy Ian i line are dissolved in 50 parts of concen- 
trated hydrochloric acid and 200 parta of water, and the cold 
solution gradually mixed with a solution of 57 parts of sodium 
nitrite in 200 parts of water. The hydrochloride b thus ob- 
tained, crystallizing in small sulphur-yellow needles. By de- 
composition with potassium carbonate the free base is obtained, 
wliich cTystalUzes from ether in large green plates. On bi>iling 
with caustic potash it splits up completely into dimethylaniliii<; 
and nitrosophenol, or quinonoxime, CaH^O(NOH). 

It has therefore the following constitution : 

,CHz=CH. 

II \cHz=Ch/ II 

N N(CHs) J. 

The forgoing decomposition is especially adapted for tliel 
preparation of pure dime thy laniliue ; ' nitrosodimethylaniline i 
also employed in the manufacture of colouring matters, such i 
methylene blue. 

Iloilinc-poinl 
Ethjlanilmo, CaH,N(C3HJH . . 204* 

Ethylmethyhiniline, CaHB.N(CjH5)(CH3) . 201" 
Diethylanihne. CoHs.N'CO.hJ, . . . 213°-5. 

Hofmann has prepared several aniline derivatives rontaininC 
other alcohol radicals,* 



' Limlli, Bull. Sot. Chim. vii. 418. 
' Dnuyor nnd Cnro, Her. JJnilteh. Chfm. Get. vii. 903 
CIO ; Wiirsttr. ibid, J:ii. B23 : MeldoU, Joum. Clieiii. .Vor. 
' Bn*jer niiJ Core, Jier. iJruJaeh. Chcm. (lea. vii. 1103. 
* Ann. Chem. Pharm. \xx\v. 



i'AirxaUx, ihid. v'luM 



AROMATIC COMPOUNDa 



By tlio action of ethylei 
following compounds : ' 



Ethylune-aiiiline, CgH,< 



'. bromide ou auilitko ho obtained the | 

Melting-point. 

:h.g.h,, 

smail lustruiis plates C:l' 



Diethjic-ne-aniliue, CflHjN 



yCfi, 



\c,h/ 



:NCgHj needlea 



, 15 



RydroryfthylaniliTif, CoHj.NH.CjH^.OH, is obtained b^ 
warming aniline with ethylene oxide, and is an oily h<jnjj 
which boils at about 280°, and gives a green colouration -with 
bleaching-powder solution. Ita salte are very soluble and crystd- 
lize with lifficulty.* 

Hydroxyeihyhnttkylaniline or mcthylpJient/lethylaiMjie, Cgl^N 
(CHj)CjHjOH, ia obtained by the continued heating of methyl- 
aniline with ethylene chlorhydrin. It is a liquid ixissessing a w«i 
smell similar to that of aniline, and distilling under dimhtiEbod 
pressure without decomposition. On continued standing iu the 
air it ia converted into a fine, blue, thick, syrupy liquid, wliich 
dissolves in water and still more readily in alcohol. Its salts we 
readily soluble and very deliquescent.^ 

Pluni/Uaurine, CaH,.NH.CgH,.SOjH, is obtaine.1 when tW 
aniline salt of chlorisethionic acid, CgH,Cl-SOj,H (Vol. IlL Pan 
II. p. 55). is heated with aniline. It crystallizes from hot watt^i 
in fine thin plates which have a silky lustre and an acid re 
action and taste. It gives an intense violet colouration with 
bleach ing-powder solution, and on wanning its solution with feme 
chloride it is coloured green and then gradually indigo-blue.' 

1030 PhenylanUiru: or dipJunylamine, (CnllgjjNH. — Hofmann 
first obtained this compound by the dry distillation of aniline 
blue,' and then of aniline and related bodies. It is more 8imply 
obtained by heating aniline hydrochloride with aniline : " 

CeHs.NHg + CX-^Hj,.CIH = (CgHJiNttClH -f- NH,. 

It is prepared in tlus way on the large scjile, by heating parts 

aniline and 7 parts aniline hydrochloride under a pressure of four 

to five atmospheres, and at a temperature of 250° for tweaty-fbur 

1 JahreA. Clmm. 1S68, 352 ; 1S50, 388 ; Grotillat, ibid. 1373, G93 1 Morler. 
Eur. Deutaeh. C\em. Get. xii. 17S1. 
■ Demola, Awn. CSmn. Phana. tUiiii. I£6. 
' Lnun, BcT. DtiitMh. Ckem. 0*». xvii, 6TS. 

• Junes, Jcnini. Chan. Soe. 1885. i. 3B7. * Ann. Chnii. Fharm. cix 

* Ds Lairo, Girud and Chapotcsut, ibid, cxl, ZH. 
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From tinK! to time the ammonia formed must be alloweti 

ipe to prevent a transformation of the diphenylamino into 

The product is treated with warm hydrochloric acid, 

;n a hirge quantity of wattjr ia added to dissolve the 

hydrochloride. Free diphenylamine separates out, and 

purified by distillation. 

is abnost insoluhle in wat-er, readily soluble in alcohol and 

and crystallizes in small monoclinic plates, which have an 

jble odour of flowers, and melt at 54°. It boils at 310°, 

reak base, its salts being decomposed by water. A deep 

colouration is produced by dissolving it in hydrochloric 

and adding nitric acid drop by drop ; this also takes place 

its solution in pure sulphuric acid is mixed with sulphuric 

containing nitrous acid, and for this reason it is employed 

u a test for nitrous acid.' 

Of its numerous substitution products only the following will 
be mentioned here : 

Seatilrodiphrnylamine or dipicrylamiTif; (C^Hj(NOj)j);NH., 
11 obtained by the action of nitric acid on diphenykmine and 
methyldiphetjylamine.* It is almost insohible in water, but 
dissolves somewhat more readily in alcohol, and tTystallizes from 
hot glacial acetic acid in light yellow prisms, melting at 238". 
The hydrogen of the imido-groiip can be replaced by metals; 
'111' ammonium salt, C|jH^(N0j)flN(NH4), occurs in commerce 
iiiiiIct the name Aurantia ; it forms reddish-brown crystals, and 
ilyps wool and silk a beautiful orange. Goods dyed with this 
''ol'iuring matter produce an irritation of the skin and exanthema 
ill wrtain individuals, while on others even concentrated solutions 
iiroduce no eflfect. Martins has never observed these poisonous 
L-fFeclg, and considers that they arise from an impurity.* 
Hclhytdiphenylnmine, [Q^^^)^Q^^, is obtained when di- 
lamine is heated with methyl iodide, as well as by the 
of wood-spirit on diphenylamine at 250° — 300°.* On the 
scale it is prepared by heating a mixture of 100 parts of 
imine, 68 parts of hydrochloric acid of specific gravity 
24 parts of methyl alcohol for about ten hours, under 
of fifteen atmospheres, to 200° — 250°. 
le is separated from the product by caustic soda, di«- 
tnd sbaken with double its volume of concentrated hydro- 

' E. Kopp, Bt.T. DeuUch. Chnn. Or*, v. 38*. 

* Gnebm, ihid. vti. 1399 ; ix. 1245 ; MertoDs. i\. 845. 

* Brr. DmUich, Chrm. Oa. in. 1247. 

* Bnnly, tiiid. iii. S38. 



chloric acid, wheu the diphenylaoiiiie hydrochloride separates oi 
in the solid form, while the salt of the methyl compouad 
liquid, and by treatment with a lai^e quantity of water o 
decomposed.* 

llethyldiphenytamioe is a liquid boiling at 282°. Oxidiziii|r 
ageiite give various colour reactions witli it; with dilute 
sulphuric acid a solution is obtained which is very similar (o 
that of potassium permanganate. It is employed in the 
preparation of blue colouring matters. 

Triphenylaminir, (C„HJjN. — Potassium dissolves in auilinc 
with etimiuation of hydrogen, and formation of the compounds, 
CnHg.NHK aud CgHj.NKj, inasmuch as by the action of bromo- 
benzene a mixture of diphenylamine and triphenylamine is 
obtained. Fused diphenylamine likewise dissolves potassium, 
the product thus obtained yielding triphenylamine «hon 
treated with bromobenzene. It crystallizes from ether in 
splendid, vitreous, monoctinic pyramids, melting at 12". Ila 
solution in glacial acetic acid is coloured green by a little nitric 
acid, but violet, aud then blue by sulphuric acid.* It di»a nr>t 
combine with acids, and fomis no compound with picric add. 

Parahy^roxydiphenylaminC; OgHj.NH.CgHjOH, is obtained l>y 
heating quinol with aniline and calcium chloride to 250° for ten 
hours. It is scarcely soluble in cold, sliglitly soluble in ho* 
water and petroleum spirit, but readily dissolves in alcohol and 
benzene, from which it crystallizes in small plates, melting at 
70", and solidifying to a scaly mass ; it boils above 340° withoot 
decomposition. As it is at the same time a phenol aud an 
amido-baae it forms compounds with bases as well as with adds. 

By heating it with methyl iodide and caustic potash, the methyl 
ether of methylhydroxydiphenylamine, CuHs(NCH,)CoH^.OCH, 
is obtained as a yellow oily liquid, boiling at 313°, and smelling 
like the violet or geranium. 

Metnhydroxqidiphenylaminr- is obtained in an analogous 
to the para-compound from resorcinol, and crystallizes i 
plates luiving a pearly lustre, and melting at 81°'5. 

Both compounds are reduced to diphenylamine by Iieating with 
zinc dust, while by continued heatingwith aniline, calcium chloride; 
and zinc chloride, they are converted into diphenyldiamido- 
benzenes, CjHj(NHC5H5}j, which will he sub.sequently described.* 

' GituM, Itiai See. Chim. ]i\iii, 2. 

• Calm, ibid. xyi. S788 ; Calm ind Philip, ibid. xvii. 2i31. 



ANILIDES. 

I031 These bodies are obtained by replacing the hydrogen of 
amido-group by acid radicals. They are formed by the action 
aniline on the ethers, anhydrides, and chlorides of the acids, 
also by heating salts of aniline. If more than one hydrogen 
lorn in aniline be replaced by halogens or nitroxyls, and its 
adty thus weakened, or entirely destroyed, no aiiiUde is 
on heating with a strong acid, such as acetic acid, and 
11 acetic anhydride has often no action. An anilide is, how- 
r, nearly always obtained by heating with an acid chloride 
a scaled tube. 

When aniline is treated with an acid chloride, aniline hydro- 
iloride is formed, and, being a sohd, readily incloses some free 
Buline, thus i-endering the action of the chloride incomplete. 
R ia therefore better, especially in the preparation of acetyl 
ierivativea. to dissolve the aniline, or substituted aniline, in a 
Bolecule of the acid, and then to add a molecule of the chloride. 
The anilides are decomposed by boiling with caustic soda 
t(a the acid and aniline. In the case of the higher substituted 
is often better to effect the decomposition by heating 
itii alcohoUc ammonia, or hydrochloric acid in a sealed tube, 
is, however, more convenient to heat with concentrated sul- 
mric acid to 100", almost all anilides being in this way readily 
imposed. The acid is then diluted with water and neutra- 
1 with an alkali, the substituted anihne being extracted with 
ber, chloroform, &c., or obtained by distillation. 
The anilides are generally slightly soluble in cold water, crys- 
llHze well, and are, by reason of their chemical indifference and 
tbility, pecuharly adapted for the preparation of substituted 
iliiies, which cannot be obtained by the direct action of halo- 
BB or nitric acid, since these act too violently upon aniline, 
itanilide is generally employed in the preparation of sub- 
ation products of aniline. 

'ormanilid<; C„Hfl.N(CHO)H, was obtained by Gerhardt, 
sther with oxanilide, aniline, carbon dioxide and water, by 
Aing normal aniline oxalate.* According to Hofmann, the 



duef p ia da ct is oxanilide. bat when add aailloe oxalate 
rtfidij tlw*»»«^ fonumlide is almost esclusLvely formed : 

C.H^'H, + C^O. = C^.\(CHOjH + CO, + H,0. 

At thfr nme time by-prodact^ are obt^ned in small quanti^ 
PtmbRBaailide a euiljr obtained when ethyl formate is dtgesta 
villi aBaEDe.' 

Fonnamlide is toleiabfy sohible in cold, and somewhat taoil 
readily in bot water, and ci3rstallizes on spontaneous evaporatioi 
of its Bohjtioo tn loitg. Sat, four-sided prisms, melting at 46^ 

JHpiem^/ormamide. (C,HJjN(CHO). 13 obtained as a by 
pmdact in the prepantioa of diphenrlamine-blue, wbicli ii 
lormed bj beatii^ diphenjlamine with oxalic acid. It is ak 
tdrtained from formic acid and diphenytamine. It ia iasolulile 
in water, asd ciTstaUixes from alcohol in splendid orthorhomlw 
crystals, which melt at TS* — 7i\' 

nv/ormanUide. C^.N(CHS)H, is obtained by the dirfC* 
combination of sulphuretted hydn^n with phenyl carbamine,* 
as well as by the action of phosphorus pentasulphide on forffl' 
anilide.* It ciy^talliies from boiling water in long white needle^ 
wluch melt at 137*'5,and have an intensely bitter taste. ' 

1032 AaianilitU or phmt/UKeiamide. CgH^-NCCsHjO)!!.— GeP 
hardt prepared this substance by the action of acetyl chloride df 
acetic anhydride on aniline.' In order to obtain it, aniline ia boil* 
with glacial acetic acid for one or two days, and the acetanilidi 
isolated from the product by fractional distillation.^ It can B 
farther purified by recrystallization from benzene. It b model 
ately soluble in ether and alcohol, and slightly in water, &a| 
which it crystallizes in lustrous tablets, consisting of snul 
rhombic plates. It melts at 11 2°, and boils at 295^ Onheatiol 
it for a long time with sodium ethylate in a soalt-d tube to 17l 
— 200°, it forms ethylaniline, but when the mixture is distills 
from a retort, ethyl alcohol and sodium acetanilide are formed."! 

Sodium acetanilide, CjH5.N{CgHgO)Na, is also obtained fi 
adding sodium to a solution of acetanilide in xylene;* it is. 
crystalline powder, or a radiating crystalline mass. | 



' Ann. Chen Pharm. cxlii. 121, 
' Barmann. Jahrab. 1805, 410. 

* Qirard and WIUid, ibid. viiL 1196. 
< IIoEbiuii. ibid. X. 1DS5. 

• Xna. Chem. Fharm. IxxxTiL IB*. 
' WUlumw. ibid. exxT.\. !88. 

' Beir^rt, 8tr. IMUtcK Chan. Grt. xv 
' Bunjiv, Am. C>um. Pbarm. Suppl. 
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mercuHe acetanilide. (CoH5.NC,HjO)jHg, is obtained by heat- 
fe acetanilide with mercuric oxide ; it crystallizes from alcohol 
Isnall needtea.i 
Acetanilidc hydrochloride., CaH5.NHCC^jO)HCl, is formed by 
; hydrochloric acid through a solution of acetanilide in 
tone. It crystaUizes in pliabls needles, which are decomposed 
^ water into their components, and are gradually converted into 
aniline hydrochloride and acetic acid in the air.^ 

When acetanilide is heated with zinc chloride for several hours 

to 250'— 260°, Flavaniline., CgHuNj.ClH, a beautiful yellow 

colouring matter, is obtained, having a splendid moss-green 

' fluorescence, which shows brilliantly on silk." This body will 

M* nii»re fully described later on. 

^Si-acetanilide, C^^^{C^^O\. ia formed by heating glacial 

ic add with phenyl mustard oil to 130° — 140° : 

[j,NC8 + 2CjH,0.0H = CaHjN(0aH,O), + H,S + CO^. 

Biesembles acetanilide in its properties, and melts at 111°.* 

Aodylmtlhylanilidt., C^^:i!i{<JR^C^fi, crystallizes from hot 
""atfr in splendid long needles, which melt at 09°'5 and boil at 
-45°.* 

Dijplienylaxxtamide, (CgHj)gN(CjHgO), crystallizes from petro- 
'emn spirit in large tablets having a pearly lustre, and melting 
at OO'-o." 

ThiacetanUide, CHj.CS.NHCCgHJ, is obtained by heating 
ucetanilide with phosphorus pentasulphide. It ciyatallizes from 
hoiling water in splendid yellowish needles, melting at 75°,^ and 
is soluble in caustic soda, forming a sodium salt which can be 
obtained in compact crystals. By the action of methyl iodide 
a compound is obtained which has the composition of methyl- 
thiacetanilide, but which is entirely different from the substance 
obtained by the action of phosphorus pentasulphide ou methyl 
acetanilide. and is therefore named methylisothiacetanihde. It 
is decomposed by hydrochloric acid with formation of methyl- 
thiacctate and aniline, from which it follows that the methyl is 
combined with the sulphur, and that in the formation of the 



' PfaiT uid OpjwDheiin, Btr. DaiiaA. Chem. Gt*. i 
» Noltingand Weingartner. ibid, xviii. 1S*0. 

* Fiacherand Rudolph, ibid. xT. 1500. 
' Hofamtin, ibid. ii£ 770. 

' Hof-nann, ibid. X. B9B. 

• MeKsand Weith. ibid. vE. 1511. 
' IloTmiLnn, ibid. xi. 33B. 
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isothiacetanilide a molecular change has taken place. TUe c 
stitution of these isomeric compounds is shown by the fullov 
formulae : 

Uetliyltlikcetamlide. UethylUoUiiacetanilide. 

,CH. /SCH. 

CH,.CS— N< CH-.CC 

MdkyltkwcctaniHde, Cll^.Cii.^(fln^)C;ii^, cr>-3tallizes fi 
cUoroform in munocliDic tablets, melting at 58° — 59°, It 
insoluble in water and alkalis, and boils, with slight decomp 
tioD, at 290°.i 

MdhylisothiacetaniUdc. CH,,G(SCHJNC9H5, is readUy 
tained by the action of methyl iodide on an alkaline solul 
of thiacetanilide* It is an oily liquid, boiling at 2+4''' — 245 
On heating it with methyl iodide to 100°, a crj'stalline muss 
obtained, which is decomposed by water with formation 
methyl thiacetate and metbylaniline hydriodide, the followii 
reactions probably taking place : • 

ySCH, /SCH, 

(1) CH,.CC +CH„I = CH,.CH yCH, 

.-SCH. 

(2) CHj.Cfl +H,0 

\N(CHj,)CaHB 

= CHj.CO.SCH3 + NH(CK0C,H5.H 

EthylisothiacdanilUU, CH3.C(SC5H(i)NCaHj, is formed whi 
alcoholic solutions of sodium ethylate and thiacetanilide are 
mixed (Waliach). It is a liquid which is heavier than water, 
boiling at 255°— 257" (Waliach and Bleibtreu), On passbg 
hydrochloric acid through its ethereal solution, a white iniias 
separates out, which is very soluble in water, and forms with 
platinum chloride theslightly soluble double salt (Ci,H,3N.S.HClV 
PtCl,. 

Waliach and Bleibtreu have also prepared several other 
isot h iac e tanilid es , 

1033 Gtycolylanilide, CaHj.NH(CO.CHj.OH), is obtained by 
heating glycolide witli ardline to 130°. It is moderately soluble 

' Waliach, Ber. Zhutteh. Chan. Of ^iv. u!%. 

■ WatlftcV, ihid. li. 1G05. ' Wulliurli and Bleiblretl. ibid. xil. 1061. 

• WolUch, ibui. xiii. CS9. 
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in cold and very readily in hot water, from which it crystallizes 
in long prismatic needles, melting at 108°.^ 

J%e?iy/^/yc(x»//or^A€7iy/amM?()-ac^^icaci(/,(CQH5)NH.CH2.C02H, 

is isomeric with the preceding compound. It is obtained by 

heating chloracetic acid with aniline and water, and is tolerably 

soluble in the latter. It forms imperfect crystals, melting at 

126** — 12T*, and does not dissolve freshly precipitated mercuric 

oxide, or silver oxide, but, on the other hand, forms a salt with 

copper hydroxide, which crystallizes in small dark green plates. 

In other respects it behaves very similarly to amido-acetic acid.^ 

Several homologues of phenylamido-acetic acid are known. 

Phenyl hetaine. — The chloride of this body is obtained by 

heating dimethylaniline with chloracetic acid : 

>N-CeH, + CH^CLCO^H = >N^C.H, 

Ether precipitates it from its concentrated aqueous solution in long 
white needles. Its ethyl ether is obtained in a similar manner to 
ethyl chloracetate. With moist silver oxide both compounds give 
the corresponding strongly alkaline, and deliquescent hydroxides.* 
By heating the ethyl ether for a long time to 130°, and 
wanning the residue with concentrated hydi^ochloric acid, 
phenylmethylglycocoll hydrochloride is obtained : 

CeH5N(CH3)2Cl.CHj,CO,.C2H5 
= CeH5N(CH3)CH2.C02.C2H5 + CH3CI. 

CeH5N(CH3)CH2.C02.C2H5 + 2C1H 
= CeH5N(CH3)CH2.C02H,ClH + CgH^Cl. 

It crystallizes in prisms, which are readily soluble in water, and 
slightly in alcohol ; on continued heating with water it decom- 
poses into carbon dioxide and dimethylaniUne hydrochloride. 

Phenyl hetaxnamide, — The chloride of this body is formed by 
heating an alcoholic solution of chloracetamide and dimethyl- 
aniUne. It forms colourless crystals, which on heating to 110° — 
120* decompose into methyl chloride and methylphenylglycol- 
amide : 

CHjV /CI CHov 

aH5^N< = >N— CH2.CO.NH2 + CH3CL 

CH3/ \CH^CO.NHj CeH/ 

^ Norton and Tscherniak, Bull. Soe, Chim, xxx. 104. 

* Ber, Dmtseh, Ckem. Oes. z. 2046. 

' Zimmennann, Ber. DetUseh. Chem, Gts. xii. 2206. 



i also obtaioed when methTlaoilice 
1 wiA cUcraoeUmide. It is slightly soluble in cold, 
mem readily in hot vater and alcohol, and crystallizes in smsU 
platea or prisms, having a satin-like lustre, and melting at 163°.' 

Humj^imida-aevi* are obtained by the action of aniline on 
fcetoiuc acids, the oxygdn of the ketone being reolaccd by tbe 
divalent group C^H^N. 

AtiJjfrvtnrtmrie arid or phrnyl-a-imidopropitrnk mii, 
CH»C(NC,HjlCO^ is obtained by mixin g ethereal solutiom ot 
l^rotartaiic acid aitd aniline, tbe nuxture being kept cooL' It 
fbfiBs small ccTstals, which melt at 122° with evolution of carloo 
dioxide. On boiling it with water, carbon dioxide, aniline, ami 
aaihivitoQic acid. CuH,NO.,* which will be described later ot, 
are formed. 

AnUae^ie add or pkent^ - fi ■ ijnidobutyric aad. 
CH»C(C,H,3J)CHyC0^. is obtained by heating aniline nith 
aoeto-aoetic eth^ to 150° — 160' : 



mi 



i¥ 



C^s.NHj + C50; 



CH, 



C,HsN"=^^ 



■CHj 



ILO = C.H.N^Cr + HO.CjH^. 

^CH,CO,H 

It fonns crystals which are tolerably soluble in water, and vet? ] 
readily in alcohol and benzene. It is coloured dark violet *^ ' 
ferric chloride, and combines with acids and bases.* 

Oxanilide, C,OjCNH.CgHj),, is obtained by heating anili»' \ 
oxalate to 160° — 180° till no more gas is evolved; the formanili*^* 
produced at the same time can be removed by washing with cf ' 
alcohol.' It is also formed when cyananiline is evaporated wi* 
dilute hydrochloric acid.' Oxanilide is insoluble in water, eth^^'' 
and cold alcohol, slightly soluble in boiling alcohol, and m<w'* 
readily in benzene, from which it crystallizes in white pear^ 
scales, which melt at 245°, solidifying on cooling to a radiatic*^j 
mass. It boila at 320°, but sublimes at a lower temperature i 
small iridescent plates ; its vapour has a penetrating odoU 
siiiiilar to that of benzoic acid, 

' SilbBTBtpiii. 8er. PfutKi. Clumt. Get. jvii. 2680. 

' ItSltiugiT, ^7171. Chem. Pharm. clixxviii. 336. ' Ibid. < 

• KnoiT, Ber. DttOieh. Chem. Ott. iTJi. 610, 

' f!flrlii>r<lt, Ann. V/wm. Pharm. 1». 308. 

" Kofinanii, Uiid, Iiiiii. ISO. 
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lixaxaniiidf, C^S^CNU.C^'R^^. — When oxanilide is warmed 
L phosphorus peutachloride and the product then treated 

i sulphuretted hydrogen, thiosanilide is obtained, together 
1 an intensely red-coloured body, which is removed by dia- 
ing the product in caustic soda and passing in carbon dioxide ; 
e sulphuretted anilide separates out in splendid plates similar 
■ those of mosaic gold, and melts at 133°.' 
I Oxanilic acid. NH(CoH5)C20,.OH, is obtained by strongly 
nting aniline with a large eifcess of oxalic acid for ten minutes.' 
e ^sed mass is extracted with water, the solution boiled 
' with lime, and the filtrate after being acidified with sulphuric 
Bfid extracted with ether.' The residue remaining after dis- 
fJlling off the ether is then recrystallized from boiling water. It 
's thus obtained in satin-like needles containing a molecule of 
"ater ; it crystallizes from benzene in long, fine, lustrous needles, 
"leleing at 150°.* It forms cijstallizable salts. 

Slhyl oxanilalf, 'SUiG^U.JCfi^.OC^^, is obtained by the 
'■"ntinued heating of ethyl oxalate and aniline. It crystallizes 
"otn alcohol in tablets or prisms, molting at 66° — 67*. On 
**<iiiig ammonia to its alcoholic solution, phenyl oxamide, 
f'^,jEj)H.N.CjOj.NHg, is precipitated (KJinger). This is also 
'"^tained by the action of hydrochloric acid on cyananiline. It 
^Jiarates from its hot alcoholic or aqueous solution in snow- 
"'Vute. hair-like flakes with a silky lustre, which melt at 224° 
"^Id are easily sublimed ; " the sublimate is as light and mobile 
'^ precipitated silica" (Hofmann). 

MalonanUic acid. NH(C8Ho)CO.CH;j.CO,H.— By heating 
cqnal molecules of malonamide and aniline to 200° — 220°, 
phenyl malonamide, NHCC^HJCO.CHj.CO.NHs, is obtained, 
crystallizing from hot water in fine, matted needles, melting 
at 163°, and yielding the calcium salt of malonanilic acid on 
boiling with milk of lime." It is also formed by heating malonic 
acid with anihne,' and by the following remarkable reaction. On 
passing carbon dioxide through sodium acetaniHde, sodium 
^fcetylphenylcarbonate is obtained as a crystalUne powder. 



> WalUoh and Tiratb, Btr. DeiUacIt. Cltem. Ga. lii. 1003 ; Wallmli, ibid, 

11 527. 

' 0«rhardt anil Lauwot, Ann. CTt«m. Fharm. liviii. 15. 

» CUus, ZeitachT. Chem. 1688, 158. 

* Klinger, Ann. Chrm. Pharm. clxixjv. 265. 
' Freand, Brr. Deuladi. Chrm. Gen. xviL 133. 

• Eagheiioer, aid. xvii. 335. 



<i-r ABOXATIC COXFOUNDS. 



iiisL ic. lirxTT^x lo l^y — ^140* imdeigoes an intennolecular 






Mij-^iLizflfi: ^ai crj^saEjoes from iraim water in obliqne, 
>2scr:i2« rr^si;?. v^rfi mich at ISf, and completely decompow, 
oa orcrz.-:^* beacz^r. ^^o carixm dioxide and acetanilide.^ 

Ar^SJFrs <i zhf^ b^ay^keoes of malonic, malic, and tartaric 
ac^is: ^c. 3^^ aLsc ki» 



PHENYL AMIDINE& 



1034 Wallach* designated bv the tenn amidines a series of 
bases which are obtained from the acid-amides by replacing the 
oxTgen atom by the groap XR, in which R signifies a monad 
radical or h vdio^n. The simjdest amidine is acetdiamine, which 

has alreadv been de:scribed as acetamide CHj-C-^ 

The phenybted amidines are obtained by treating a mixturo 
of aniline and an anilide with phosphorus trichloride, which 
acts as a dehydrating agent :^ when acetanilide is employed 
ethenyldiphenylamidine is obtained : 



Lippmann obtained this compound by the action of phosphorus 
pentachloride on acetanilide.* According to Wallach and 
Hoffman ^ the following reactions take place : 

(1) CH,C0.NH.C^H5 + PCI5 = CH,.CCl2.NH.CeH5 + POCI3. 

(2) CHj-CCl^NRCeH, + NH^-CeH, = CH5.C(NCeHJNH.CeH5 

+ 2HC1. 

' Seifert, Ber. Dcutsch, Chem, Got. iviii. 1358. 

' Wallach, ibid. viii. 1675. 

' Hofmann, Zeitschr. Chem. 1866, 161. 

* Ber. Deutteh. Chem. Get. vii. 541. 

• Ihid. viii. 1667. 
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^The phenylated amidines are monacid bases, which are scarcely 
ibhible in water but take up its elements when boiled with 
fhite alcohol, decomposing into aniline and an anilide. 

On heating those amidines which contain the group NH with 
oabon disulphide, a thio-anilide is formed, together with thio- 
epmc acid, which combines with a part of the amidine 
QBemthsen): — 

CH,.C(NH)NH.0eH5 + CS, = CH3.CS.NH.CeH5 + CNSH. 

Methenyldiphenylamidine, CH(NCeH5)NH.CeH5. — Hofinann 
fast obtained this compound by heating chloroform with aniline 
to 180* — 190®^ and named it formyldiphenyldiamine.^ Ethyl 
criboformate can be employed instead of chloroform.^ It is 
likewise obtained when formic acid is boiled with aniline, or 
[^ when the latter is heated with phenyl carbamine : ' 

\N(C,H^H. 

It ciystallizes from hot alcohol or benzene in long needles, melt- 
ing at 135* — 136*, and volatilizing at a higher temperature with 
partial decomposition. On heating it to 140* — 150* in a stream 
of sulphuretted hydrogen, it decomposes into aniline and 
thiofonnanilide.^ 

Bthenjflphenylamidine, CH3.C(NH)NH.CeHg, is prepared by 
heating aniline hydrochloride and acetonitril to 170*. It is 
an oily liquid having an alkaline reaction, and is decomposed 
on heating.^ 

.^lenyldiphenylamidine, CH3.C(NCeH5)NH.CeH5.— The for- 
mation of this compound has already been explained. It is also 
obtained when acetamlide hydrochloride (p. 211) is heated to 
250*, or when aniline hydrochloride is heated with acetonitrile 
to 830* — 240* (Bemthsen), as well as by the action of aniline on 
the isothiacetanilides : ^ 

/SC^c ^NH-C-Hj 

In order to prepare it, 2 parts of phosphorus trichloride are 
gra^*ially added to a well-cooled mixture of 1 part of acetic 

1 Jakrea. 1858, 854. * Wichelluras, B^. Deulteh. Chem. Ott, ii. 116. 

s Weith, arid, iz. 454. « Bernthwn, Luiriif$ Ann. cxdi 85. 

• Md. dxzzir. 858. 

* Wanach and Bleibtrea, Ber, DeuUeh. Chem. Oa. xiL lOdS. 
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acid and 3 parts of anilmc, and ttie whole heated for some boon 
to 160°. The resinous mass thus obtained ia dissolved in boiling 
water, the cooled filtrate treated with caustic soda, and tbe 
precipitate recrystallized from alcobol.i 

It forms small needles, melting at 131° — 132°,* and haringj 
neutral reaction. The hydrochloride, C„HijNj.HCI, cryatalliaii 
in small tablets. Tbe nitrate, C^^Hi^Nj-HNOj, is very characler- 
iatic, and first forms an oily liquid, which soon solidifies to a 
crystalline mass. 

Eihenyliaodiphenylamidiiie, CH3.C(NH)N(CaH5),. is obtainal 
by beating diphenylamine and acetonitrile to 140° — 150°. It 
forms monoclinic crystals, melting at 62°^ — 63°, and is a strong 
'laae.* 

Isopenienyldiphenylamidine, {CHj)jCgHs.C(NCBHj)NH.C,H5, 
ia a crystalline body, melting at 111", and obtained by Hofmsan 
from valerianic acid. 



CYANOGEN COMPOUNDS OF BENZENE. 

1035 Phenyl carbmimu, CjHj.NC. — When chloroform is grad- 
ually added to a saturated alcoholic solution of caustic pola«h 
mixed with aniUne, an energetic reaction is set up, and thi; 
carbamine, which is also called phenyl isocyanide, is formed. 
On distillation it passes over together with aniline ; this is 
removed by oxalic acid, and the residual brown oil dried over 
potash and rectified. 

Phenyl carbamine is a mobile hquid which appears green by 
transmitted, and blue by reflected light ; it possesses the un- 
pleasant, penetrating smell of carbamine, and its vapour produces 
on the tongue a characteristic bitter taste, and in tbe throat a 
sticky sensation. When it is distilled a portion boils constantly 
at 167°, the thermometer then rises rapidly to 230° and it is 
converted into an odourless hquid, which sohdifies on cooling to 
a splendid crystalline mass.* 

On heating phenyl carbamine to 200° — 220°. a crystalline body, 
probably identical with the preceding compound, ia obtained, 
while another portion of the carbamine is converted int« the 

' HofmKnn, JaATcab. 1805, 414. 

- llicilcnnaiui. Ber. Dttitttk. Chem. Oa. vii. G40. 

' Bemlh«n. Lirbig't Ann. cxrii. 26, 

' Hoteann, ^nh. Chtm, Pharm. ciliv, 1l7. 
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^'uiQeric benzonitrile, CgHj.CN.' The aqueous mineral acids 
■ ■■[uiily decompose phenyl carbamine, forming aniline and formic 
^id;formaiiilide occurs in this reaction as tm intermediate product. 
It combines with sulphuretted hydrogen to form thioformauilidc. 
FKenyl isocyaiicUe or ■phenylcarhiriiide, CO.N.CgH,. Hofraano 
obtained this body, which was formerly called anilocyanic acid, or 
carbanil, by distilling diphenylcarbamide with phosphorus pent- 
oiide ; he then found that it is better to use phenyl urethane : * 

" is still more readily prepared by the action of carbonyl 
ihloride on diphenyl urea or aniline hydrochloride : * 

CuHj.NH, + COClj = CgHj.NCO + 2HC1. 

In this manner it can be readily prepared on the large scale.* 

It is a colourless liquid, the vapour of which has a very 
penetrating odour and produces a flow of tears. It readily unites 
»ith the alcohols to form ethers of carbanitic acid, 

Pkenylcarlyimide hydrochloride, CO(CflHJNHCl, is obtained 
liy passing hydrochloric acid through pure phenyl isocyanate, 
heat being evolved. It is a crystalline mass, melting at 45°.' 

Phenyl di-isocyanate, (CO)j{NC,jH^)j, is obtained in a remark- 
able manner when the preceding compound is treated with a 
drop of triethylphosphino. If, however, the isocyanate be 
present in great excess, crystals appear after some time and 
gradually increase in number, but the liquid does not become 
anitd even when allowed to stand for months.* It crystallizes 
from hot ether in thin iridescent plates, which melt at 175°, and 
on strongly heating are reconverted into the monomol ecu lar com- 
poundJ By treatment with alcoholic ammonia it is converted 
into ^-diphenylbiuret : 



KVH, 



CO, CO. 

.N< ;NC.H. = NH, = (C-H.)HN/ >NC.H.. 

^co/ h.n.cq/ 



' Weith, Ber. DtuUeh. Chfm. Oa. vi. 213. 

' HofmuiD, Ann. Clum. Pharm. Ixxjv. 9 and 33 ; Jakmber. ISSB, 34S ; Btr. 
DeulteK. Chem. Ga. iiL 654. 

■ HcntKhel, Btr. DnUaeh. Chem. Ga. xvii. 12S4. 
,• JW<J.iTiii. Rcf. 12. 
fc» Ibid. xTiii 1178. 

P Bofmuin, Slid, xviii. 764. 

f Bcr. Deittteh. Cham. Oa. Hi. 7ia ; iv. Siti, 



This body cijstoUizes in prisms, which melt at 1G4°, &i)d 
decomposed by bydrochloric acid with formation of phenyl 
cyuist« and ammonia. 

a-Diphen}/!hiiirtt, NH(CON.H.C,HJj, is obtained by heating 
biuret or ethyl allophanate (Vol III., Part L, p. 373) vitii 
aniline. It forms crystals which are slightly soluble in aleoiol, 
melt at 210°, and are converted by dry hydrochloric acid lEto 
aniline, cyanic acid, and phenyl isocyanate.^ 

Phfnijl is-tci/aniirrtlc, {CO)j(NC(Hj)j, is formed when an 
alcoholic solution of phenyl isocyanuraniide is boiled for a, sbort 
time with hydrochloric acid, or by heating 5 parts of ptenjl 
isocyanate with 3 parts of potassium acetate for three houra 
t« 100°, while if 10 parts of isocyanate are employed the com- 
plete polymerization only occurs at 188' — 200° (Hofmann). 
Phenyl isocyaniirate crystallizes from hot alcohol in prisms, 
melting at SJO". 

Phenyl cynnurale, (CX),(OC(Hj)^is formed on passing cyanigen 
chloride through an alcoholic solution of sodium phenate. It is 
insoluble in water and crystallizes from alcohol in long, &ne 
needles, melting at 224°.* 

lOZ^ Phenyl cyanamideotcyananilide,C^^'S.{G^). — C&houn 
and Cloiiz obtained this substance by passing cyanogen chloriJe 
through an ethereal solution of aniline.^ It is also obtained 
by the action of lead oxide on an alcobollc, or better, alkaline 
solution of phenyl thio- carbamide.* On evaporating the alcoholic 
solution it remains behind as a tenacious mass, which becoraei 
crystalline in moist air or on continued contact with alcohol, and 
then crystallizes from ether in needles containing three molecules 
of water, and melting at 36° — 37*. When water is added to its 
alcoholic solution, it combines to form phenyl urea, and on passing 
sulphuretted hydrogen through its solution in benzene, phenyl 
thio-carbamide is formed.* 

Phenyl eyanuramvie or iriph^nylmelamine, {CoHs.NH)3(CN)^ 
is formed from the preceding compound on standing, or more 
rapidly on heating, and crystallizes from alcohol in fine prisms, 
melting at 162° — 163°. On adding platinum chloride to its 

' Hofmann, flrr. DrulHk. Clam. Ott. iv. 265 ; PeilEwli and Silomon. Jannt. 
Pratl. Chem. [2], vii. 477. 
' Hofminn and Olahaiiwii, Ber. Drubieh. Chrni. Gei. iiL 257. 

• Jnn. Chen. Pkarm. xc. Bl. 

• Hofmuin, Btr. DtuUth. Chan. Oa. iii. aefl i Rathke, »6W. *iL 733 j 
Fcnorlein, ibid. lii. 1602 ; Bwgsr. AfoanUh. CA-m. v. 217. 

• Wnth, idid. in. 820. 




Son, a crystalline precipitate of (CN)3(CeH5.NH}.PtCl,Hg is 



tnaniliiu, Ci,H„Nj, is obtained wLeii cyanogen is passed 
gb an alcoholic solution of aniline : 



CbHs-NHj cn 



C„H,.NH, 



+ i 



CN 



CgHj.NH.C^JiH 
C,,H,.NH.C=NH. 



insoluble in water, slightly soluble in alcohol, and crystallizes 
ttall lustrous plates showing a play of colours ; they melt at 
—220°, and are decomposed at a higher temperature.* Aa 
base it forms salts with acids, but they are rather 
ible; when heated with aqueous mineral acids it is con- 
id into oxanilide and oxamide. 

ienyl thioeyanate, C0H5.S.CN. is formed by the action of 
acid on diazobenzene sulphate, or by passing cyanogen 
le through alcoholic lead thiophenate : — 

(C„HjS}2Pb + 2CNC1 =2C,H,S.CN + rbCI^. 

a colourless liquid boiling at 231°, which on standing becomes 
yellow. All alcoholic solution of potassium hydrosulphide de- 
t^omposes it into thiophenol and potassium thioeyanate.^ 

Phenyl ihiocarbimide or plunyl mustard oil, CjHj.N.CS, — 
Hofinann obtained this body by the distillation of dipheny!- 
tUocarbamide (snlphocarbanilide) with phosphorus pentoxide, 
saJ named it aulphocarbanil or phenyl sulphwyanide.' It may 
be more simply obtained by heating the thio- carbamide with 
concentrated hydrochloric acid : ^ 

-NH.aHj 



I 



CS; 



NH.CoHs 



= CSznN.C.H, + NH,.CoH,. 



ft is also formed by the action of thiocarbonyl chloride, CSClj, 
in aniline,^ as well as by the direct combination of sulphur with 
Aienyl carbamine,' and when phenyl isocyanate is heated with 
iphorus pontasulplude.' 



' Hormann, Bit. Drularh. Chem. Go,- iii. 267. 
' Hoftnaun. Ann. Chr.m. Phana. lnvi. 129 ; ki 
» Rilleter, Ber. DmUch. (.'Ann, Ga. vii, 17SS. 

* Jai-rab. 185S, 349. 

* Merzand Weith, ZtUnhr. Chtm. \Mi, EEB. 

* Rjithke, Ber. Drutuh. Chem. Qa. oL 861. 

* Weith, ibid. vi. SIl. 

' Uichael and P.ilmcr, Amrr. Chcm. JoHTn. vi. 
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It is a liquid haviiig a smell edmilar to that of oidinaij 
mustard oil, boils at 222°, and combines with ammonia and the 
amines to form ureas. It also combines with alcgbols, fonnin^ 
ethers of thiocarbanilic acid (p. 224), 

When chlorine is passed through its solution in chlorofono, 
isocyanphenyl chloride, CpHj-N-CCU, is obtained as a heavy. 
yellow liquid, boiliug at 211° — 212*. It possesses a verj- un- 
pleasant pungent odour, and its vapour attacks the eyes and 
mucous membrane. Dry silver oxide acts on it violently with 
partial carbonization and formation of phenylcarbimide.' 



PHENYLCARBAMIDES. 

1037 rhenffl nrm or carbanilamuh, H(C,H^N.CO.NHj- 
Hofmann obtained this substance by passing the vapour of cyanic 
acid through cold aniline, and also by the action of ammonia on 
phenylcarbimide, 0(H5N(C0). It is, however, most readily pre- 
pared by mixing a solution of aniline hydrochloride or sulplat* 
with potassium cyanate, the phenyl urea soon separating out" 
It is also obtained by heating urea with the theoretical quantity 
of aniline in a sealed tube to 150° — 170.* It crystallizes from 
hot water in monoclinic needles, melting at 147°.* It does not I 
combine with nitric or oxalic acids. I 

SymmetTical diphcnyl urea or earhanilide, COCNH.CgHjX, is 
formed by the combination of aniline with phenyicarbimide, \ 
or by the action of water on the latter, as well as on healing I 
phenyl urea, or when aniline is treated with carbonyl cliloride, 
Ac." ■ I 

To prepare it, one part of urea is heated with three parts of \ 
aniline to 150° — lyO",' or equal molecules of phenyl urea aad 1 
aniline are heated to 180° — 190°.' 1 

It is scarcely soluble in water, readily in alcohol and ether. \ 
and crystallizes in prisms, melting at 235° (Weith). Ou heating 



^ 3fl!l and ZioroliI, Ber. Dfuitth. Chem. Ga. vi 
" Ann. Chem. Pharm. liii. 67 : l''ii. 2S5 ; li* 
tt^itoA. Chem. Oa. ii, 820. 
■ FleUcher, Q>id. m. 8S0. 
« Steioer, Olid. viii. 618. 

* Hofm&mi, Ann. Ckem. Pkarni. Ixi. 13B ; \n 

* Bae;er, ibid. ciui. 253. 

^ Weith, Ber. DeuitA. Chem. Oa. \x. 831. 



; lixiv. II ; WlUIi. Bir. 



PHENYL UREAS. 



I with alcoholic ammonia to 140° — 150°, it decomposes into 

e and urea.* 
\ Atptmelrical diphent/l nrca, {CgR^X'ti .CO(N'B.^).—Vfh<tn the 
r of carbonyl chloride is passed through a aoUition of 
Mphenylamine in chlorofonn, diphenylamine hydrochloride 
rates out, and the solution contains the chloride of di- 
fepbeoyl urea, (C5H5)jN,C0CI, which crystallizes from alcohol in 
pbemtiful small plates, melting at 85°. By the action of alcoholic 
unonia it is converted into the urea, which crystallizes in long 
idles, melting at 189°. On distillation with caustic potash, 
t ilaomposes into diphenylamine, ammonia, and carbon dioxide, 
id on dry distillation, into cyanic acid and diphenylamine* 
Tnphtnyl una, {G^^^.^O:]^i^'.^^^, is obtained by the 
□ of aniline on the diphenyl urea chloride described above, 
crystallizes from alcohol in needles, melting at 136° 
liUichter). 
. Tdrapkenifl urea, C0(N(CgHs)2)^, is formed when the chloride 
i heated for some minutes with diphenylamine and zinc dust.' 
f is readily soluble in boiling alcohol and forms small crystals, 
■«ehing at 183°. 

Carianilic acid, CO i qv * • '* ^'^^ known in the free 
"^ate ; its ethers, the phenyl urethanes (Vol. III., Part I., p. 165), 
•^i^ obtained by the action of aniUne on the ethers of chloroformic 
■^id. 

Mki/l carba«.ilate, COCOCiHJCNHCflHJ, crystallizes from hot 
'vater in long needles melting at 51°; it boils at 237° — 238°, a 
Small quantity decomposing into phenylcarbimjde and alcohol,' 

^irhile in the cold these combine to form tha original 

^bompound. 

V Pke7iyl carhamlate, CO(OCaHs)NH(CoHs), is formed by the 

^Ection of phenol on phenyl isocyanate and phenyl di-isocj'anate.^ 
It is more readily obtained, and at a lower temperature, when 
;duniinium chloride is added to the mixture;' it is readily 
loluble in alcohol, slightly in water, and crystallizes in needles 
leltingat 121°' 

' Ckiis, Ber. /leittarA, C/iym. Oa. \x. 693. 
' MiehUr, ibid. ii. 3BB ; 71B. 

* Michlet and Zimmsnniin, ibid. xii. 116fl. 

• warn and Wiscliin, ^nii. Clmm. Phorm. nlvU. 157. 
" Hofmatin, Ber. DnUmh. Chan. Oa. iv. 2i9. 
' Uuckart, iWri. lyiii. 873. 
' Gumpert, Jaani. Pratt. Chtm. [2], xxxK. 119. 
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1038 Phtnyl thio-earbamule, H(CjH5)N.CS.NH,, is formed bj 
tHe action of ammonia on phenyl mustard oil,' and by heatiog 
ammoniam thiocyaoate with aniline hydrochloride.' It is sligbtl/ 
soluble in cold, more readily in boiling water, and still raoie 
readily in alcohol ; it has a bitter taste, and crystallizes in needles 
melting &t 154°. 

A'tAy/ pktnyl tUio-caTiamide, H(CflHs)N.CS.Nl'0^s)H. is 
obtained by the action of etbylamiue on phenyl mustard oil, or 
of aniline on etliyl mustard oil, and forms monoclinic crjsUU 
melting at OOo".' 

IHphtnyl thio-carbamide or thiocarbanilidc, CSCNH.CgHjlp ii 
formed, together with ammonia thiocyanate, when aniline 
thiocyanate is distilled : * 

SCaHj-NHs-CNSH = CS{NH.C,Hs), + CNSCNHJ. 
It is likewise obtained by boiling an alcoholic solutioa of 
carbon disulphide with aniline, the sulphuretted hydrogen formed 
being removed by the addition of caustic potash.* 

Uiphenyl thio-carbamide is scarcely soluble in water, rendily 
in alcohol, and crystallizes in small plates melting at 144°. 

On heating it with alcoholic ammonia to 1 00°, it is decomposed 
into phenyl thio-carbamide and aniline." 

T/Hacarbanilicacid,CS I oji ** . ^ ^^t known in the fret' 
state ; its ctliyl ether, or phenyl thio-urethane, is obtained by 
heating phenyl mustard oil with alcohol,' as well as by treating 
it at the ordinary temperature with alcoholic potash.* Ethyl 
thiocarbunilate forms triclinic prisms melting at 71° — 72". 

It behaves as a mercaptan ; by the action of ethyl iodide o" 
its silver salt, phenyl urothane ethyl ether is obtained, which 
forms beautiful crystals, melting at 29*5° — 305°, On heating 
with dilute sulphuric acid to 130* — 200°, it is split up into 
aniline and ethyl thioxycarbonate, from which it follows thati* 
has the following constitution : — 

/&CM, ,SC,H. 

c4N.CA + H.0 = H,N.r,H, + COC J 

\OC,H, ^OC^pj 

' HarnuDD, JaJir'sb. 1858. 540. 

' SthifT, Ann. Chtvt. Pkarm. cxjviii. 338 ; Clpniinnt. Ber. rkaUth. Cht». (I . 
ii. 449 ; J. 4B4. « Weilh, Ber. DculiA. Cham. Gea. Fiii. isa4. 

* Harmann, Ann. Chim. FKarm. \xx. 142. 
' Weith, Bir. Dtutteh. Chrm. Oct. vi. 867. 

• Gerhault, iftirf. xvii. n043, ' Horniann, ibid. ii. 130 ; iii. 771 

' R. Sfiiiif. ibiu.ii. ma. 
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fiUANIDINES, 
lis we may luither conclude that <jf the fallowing 
/5H /NH(G,H,) 

c4n.c,h. CS< 

XoCjH^ . OC,H„ 

^ and not the second, which is generally accepted, re- 
the constitution of phenyl urethane. It is also possible, 
r, that the second represents the compound in the free 
&d that on the formation of a salt, an iiitermolecular 
[ement takes place. ^ 



PHENYLGUANIDINES. 



Phenylg^ianidine, C(NH)-j mit?,, j. yisobtainel by the 
4 alcoholic ammonia on phenyl thiocorbamide. and is a 
ady which on standing decoinjwsea into ammonia and 
yanamidc.^ 

mylgv-anidine or mdamlhie. C(NH)(NH.CeHJ^— Hof- 
tbtained this substance by passing cyanogen chloride 
aniline.* Cyauanilide and aniline hydrochloride are firet 
knd then react on each other : — 

NH.C,H,+NH,.CoH5.HOi = C(NH)(NH.CaHJ,HCL 

prefore, also obtained by heating the alcoholic solutions 
two compounds,* as well as by the action of lead oxide on 
of thiocarbanilide in alcoholic ammonia.* In order 
it, the thiocarbanilide is first treated with concentrated 

potash, concentrated solution of ammonia and washed 
are then added, and the whole digested on the water 
I liquid decAnted off, and the melauiline extracted from 
lue by hydrochloric acid.^ It crystallizes from alcohol 
tlinic needles melting at 147°, and is a mouacid base 

[flalt^ which crystallize well. On heating it under pressure 
icentrated hydrochloric acid, it forms carbon dioxide, 

R, and aniline. 

lOD, A*», Chem. Fknrm. ucvii. 142. 
_^\ So: Deutteh. Chan. Gel. xii. 1602. 
Jbnn. PknnA. Ixvii. 129. 
tt Md Cl»e% ihid. xc. es. 
tm, Btr. DetHsck. ditnt, Oct. ii. ISO ; Si-lir»i]Er nntl AVritli. iiid. vli. 

(, >bi,l. xi[. 77?. 

in. — PART ni. 




Mvfitmmmm^ 



wmbi to istr—mr. 



HAI.OGEH SDBSrmmON PRODUCTS OF 

ahujne. 



la«o la 1U2 Fntnte IimihI tbt tkne of 
Man* ID Asi&w oalw teyfarad br fanuBc;tke 
vkkb WM UtH IorbmI bei^ calM I7 Un bonniuloid.* TUi 
eonpouid WH iiiTeatigftted three jean farter bj Hoftnaon. wl» 
olMerved that, SBlilie sailiiie, rt does not combine witb aait, 
the banc HMracUr of the uuHne hatii^ been neatralized I9 
the pmeDee fjf the etectronegutive elemenL He therefort 
endeaTOttrud to obtain CMnpuunils in wbirh only one 
«ff tko hydrogen atoms bad be«n replaced by a balogeo. Tha 
actian of chlurino did not yield the desired result, as thii 
RuliNUn'!!) fW-'ta very violently ou aniliae, forming resinous pro 
thuui, (iiiiung whicli, however, he was able to recognize 

' Ilnrinuin, Sir. Drutteh. CK-m, O'l iL 453. 
* Wdilli nml 8chr<k]rr. ibid. viii. Wl. 
' Wflllli. ihul. Tit. 843. 



HALOfiEN LERIVATIVES OF ANILINE. 
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hlorauilLae. He was more successful when he started with 
\, CgHjNOn, which is an oxidation product of iudigo, and 
1 aniline on distillation with caustic potash. When the 
ititution products of this substance, which had previously 
1 prepaicd by Laurent, were heated with caustic potash he 
pined the bases monochlorauiline and monobromauiline, 
I also dibromauiline, the basic properties of which are much 
Wer than those of the mouosubstitution products.' 
^ has been stated in the introduction that these important 
rohea were chiefly instrumental in securing universal 
pitioii for the substitution theory. Hofmann himself says 
I it uudoubtedly follows from the facta observed hy him, 
t chlorine or bromine can take the part of hydrogen in 
nic compounds, that these preserve their electronegative 
in the new compounds, and impress it the more 
i^ly upon them the greater the number of hydrogen atoms 
replaced by halogens. 
Liebig adds in a note : " The author seems to me to have 
LMniteiy proved by this research that the chemical nature of a 
mpound does not in any way depend upon the nature of the 
jnts contained in it, as is assumed by the electrochemical 
J, but entirely on their arrangement." 
Aniline forms a lai^e number of halogen substitution products, 
lich are prepared by the following methods : — 

1. An anilide, generally acetanilide, is treated with chlorine 
« Iwomine, the action proceeding much more quietly and 
mioothly than with aniline or its salts. The substituted 
"lilides are then decomposed by being heated with an alkali or 
f^iog hydrochloric acid. In many cases it is better to de- 
compose the anilide by strong sulphuric acid; the solution is 
ililtilwi with water, neutralized with caustic soda, and the 
"'ibatituted aniHnc extracted with ether. Iodine and chloride 
"f iodiuo act upon aniline or the anilides with formation of 
iodine substitution products. 

2. Substituted anilines arc also readily obtaine<l by the 
"Auction of the substituted nitrobenzenes with tin and hydro- 
chloric acid or stannous chloride. 

As already mentioned, the replacement of hydrogen by a 
Imlogen weakens the basic character of the anihne. In all cases 
'he presence of the amido-group can readily be proved by the 
action of acetyl chloride, which forma substituted aiiili<les. 
' Awn. t'hxoi. Pharm. liii. 1. 



AKOMATIC COMPOUNDS. 



CHLORANILINES. 



1041 OrtlwcitloranilUif., C^HjCLNHj. ia obtained by reducing 
orthocliloronitrobenzene, and is a liquid which does Dot solidif/at 
-14°, and boils at 207°. The hydrochloride. CcH4CLNH.ClH 
crystallizes iu large rhombic tablets. The pierate is almoit 
insoluble in cold water, and only slightly soluble in hot water; 
it is much less soluble in alcohol than the picrate of the pua- 
compound. This property is made use of in the separatiia 
of the two chloraniliues. As it b very difficult to obuin 
orthoehloronitrohenzene free from parachloronitiobenzene, 1 
mixture of the choraullines is obtained on reduction, which can 
readily be separated by means of picric acid. Another methud 
of separation depends upon the fact that orthochloraniline i« 
a much weaker base than parachloraniline. When, therefore, 
the equivalent quantity of sulphuric acid is added to the 
mixture of the two bases and the whole distilled with waWi 
tlie sulphate of orthochloraniline completely decomposes, bdiI 
the base passes over mixed with only a little parachloranihne.' 

Mctachloraniline njay be obtained by reducing motacUorfr 
nitrobenzene with stannous chloride (Beilstem and Kurbatow), 
It ia a liquid boiling at 230°, and is as strong a base as thfl 
ortho-compound, its salts being only partially decomposed on 
boihng with water. 

Parachloraniline . — Hofmanu first obtained this compouw 
by distilling chlorisatiu with caustic potash , it is ako fonnw 
by the action of chlorine on acetanilide,* but it is best preparal 
by reducing parachloronitrobenzene with stannous chlorioB 
(Beilstcin and Kurbatow). 

It is very slightly soluble iu boiling water, but readily "• 
alcohol, and forma diamood-like crystals, very similar to r^ul*' 
octahedra, but which belong to the rhombic system,* and xof^ 
at 70° — 71°. It can be distinguished from parabromanili"^ 
which is very similar to it, as it boils without decompoaitio* 
at 230°— 231°. 

Parachloraniline is a powerful base, but its salts have an aci* 
reaction. It does not decompose the salts of alumimum a***^ 



' BeiliUtn loH Kurhatov, Ann 
' Mills, JahroAir. I8flD. 349. 
• Grolli, Brrr. DeuUeh. Vhfra. 'i 
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DICHLORANILINES. 229 



loranilitu hydrochloride ^ CgH4Cl.NH2.ttCl, crystal- 
irge, monoclinic prisms. The platinum chloride forms 
ites, soluble in water, alcohol, and even a mixture of 
r with ether (Hofmann). 

DICHLORANILINES, CgH3Cl2.NH2.^ 

These may be distinguished according to the position of 
ine atoms as ortho-, meta-, and para-compounds ; in the 
tables tliis is expressed by the numbers, the amido- 
ing assumed to have position 1. 

OHhodichloranilines, 

Melting- Boiling- 

point, point. 

lymmetric (3 : 4) broad needles . . 71*5** 272° 

Ijacent (2 : 3) needles .... 23-24** 252 

Mctadichloranilines, 



•rno 



o 



netric (2 : 4) 2 long needles . . . 63° 245 

etric (3 : 5) needles 505° 259—260 

mt (2 : 6) needles 39° 

ichloraniline (2 : 5) thick needles . 50° 251 



rio 
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Trichloranilines, CqH2C1s.NH2.^ 

netric (2:4:5)* needles .... 95—96° 270° 
etric (2:4: 6) long needles . . 775° 262° 

mt (2:3: 4) needles .... 675° 292° 

icond of these was first prepared by Hofmann. 

Tetrachloranilines, CgHCl^.NH^. 

netric (2:3:4:6)*^ needles . . . 88* — 

etric (2 : 3 : 5 : 6) « needles ... 90' — 

3nt (2:3:4:5)^ broad needles .118 — 

Moraniline,^ CgCl^.NHj, crystals. 

in and Kurbatow, loe. eit. 

in and Kurbatow, Ann. Chcm. Pharm, clxxxii, 95 ; Witt, Ber, Deutaeh, 
vii. 1602. 
in and Kurbatow. 

>lc, Ann. Chem. Pharm. cxxxvii. 125. 

in and Kurbatow. ^ I simple, Zeitachr. Chem, 1868, 227. 

in and Kurbatow. " Jungfleisch, Jahreaber, 1868/ 854, 



AK(»UtIC COMPOUNDS. 



BROMANILINES. 



1043 Those are best ubtaiued from the three nitrohrorao- 

OrlMrromaniliru is insoluble in water, but really dissolves in 
aloohoL It iTyslallizes in colourless needles, melts at 31°'5, an] 
boils without docomposition nt £2i)^ 

UtttihromantHnt forms a colourless, crystalline mass melting 
at IS'— 18'5, and boiling nt 251°.* 

PaTabromaniline was. as already explained, first obtained by 
Hofmaun. It is also obtained by the action of bromiDe on 
aniline,' or belter, acetanilide,' and forms large, well-formuii 
crystals, siniikr to regular octahedra. but belonging to tlie 
rhombic system.' which melt nt 60*4°." On heating more 
Gtiungly thu liquid suddenly becomes a deep violet colour, and 
between 1!HJ° and 270° a liquid distils over, while a residue i» 
left which forms a splendid blue solution in alcohol. The 
distillate shows similar phenomena when redistilled, and can be 
split up by fractionation into aniline, ordinary dibromauiline, sud 
tri bromauiline.^ 

rarabrotnnnUiite hydrocAhride, CgH,Er.NH,.HCl, is isft- 
morphous with chorauiline hydrochloride (Hofinann). 

DlIlBOMANlLINES, C„H,Brj.NHj. 

Meltiui;- 

OrfAotfamnrtwi/iiM (3 : 4) 'white crystals .... 804" 

Mfiadibrom aniiincn. 
(a) Asymmetric (^ = *) * small long jilates . . , 795' 

(/') Symmetric {3 : 5) >* needles 56-5* 

J^xradiiiromaniliHeCi : 5)^^ prisma 51° — 52' 

a-Mi-todibromaniline was first obtained by Hofniann. It 
also obtained by the action of bromine on ottho- and 
cebuiilide, Its hydrochloride forms arborescent crystals. 

' Fitliftaixl MkR^r. Ber. DmlKtk. Ctiem. Oes. vii. 1119. ' Ibid, Tiii. 364. 

* KcklJ^, ZcOmIit. Chem, ISCS, 887. * Mills, ibid, 1860, 8S*.. 
' Airani, Ami. Chtm. PAnrut. vIlizTiii. 23. 

■ KQrner, Jahnaber. 1670, 342. 

' Fitli^ «nd Buchncr, Jm. CActm. Phanii. clxjiriii. 23. 

' Krirntir, Jairfber. 1875, 348. 

• HofinaDii. lac. eU. ; GriMS, Ann. Cknn. Phnrm. «i«L 286 : Kiimer, Ion. eSt. • 
Wnratcr, Brr. DnitKA. CMan. Ott. ri. US6 ; itrya and Stiiber, Ann. CIkih. 
Pkim. dxY. 103, 

" Konier. n Mcj-.t and Sliibar. 



Tribromanilines, CnHjBr3.NH2. 



Symmetric (2:4:6)' long needles 
Adjacent (3:4:5)* crystals . . 



Melting- 
. 118° 



The first of these is also called ordinary tribrom aniline, be- 
cause it is obtained by the direct bromination of aniline. Unlike 
the isomeric compound, whicb is obtained by the reduction of 
the corresponding nitrobromobenzene, it docs not combine with 
acids. This compound does not melt eveu at 130°, and decomposes 
when more strongly heated, 

Melting- 

Tttrabromaniline. C^HBrcNHj (2 ; 3 : * : 6) = needles lloS" 
PeiUabrmnaniline, CgBrj.NH^.* lustrous needles . . 222°, 



lODANILINES. 

1044 Mcla-ivdaniline, C'uH^I.NHj. — Griess obtained this sub- 
stance by reducing metauitro-iodobenzene ; it crystallizes in 
small plates melting at 2-5°.' 

Para-iodaniiinc. While chlorine and bromine readily form 
substitution products, iodine does not act directly on most 
carbon compounds. Aniline is among the exceptions to this 
nilo, and is readily converted by iodine into iodaniline hydrio- 
dide." The base may be obtained by the reduction of paranitro- 
iotlobenzcne.' To prepare it, acetanilide is dissolved in glacial 
acetic acid and the equivalent quantity of iodine chloride 
added, para-iodacetanihde, which crystallizes in rhombic tablets, 
being formed. This is then boiled with concentrated hydro- 
chloric acid, and the solution decomposed with ammonia.* 

Para-iod aniline crystallizes in needles or prisms melting at 60°. 
It precipitates aluminiiun salts, but not those of zinc or iron. 
On heating it with ethyl iodide, ethylanihne, diethylantlino, and 
free iodine are obtained. Its hydrochloride crystallizes from hot 
water in plates, or broad thin needles. 

• Kdmer ; Fittig and Bflchner, Ann. Chein. Phana. clxxrviif. 962 ; Wnrater 
mnd Ncilting, Bt. DmUeh. Chem. Oa. vii. 15«4. ' Koracr. 

• Worater and Hiilting ; Kbraer. * Korner. 

• Orien, ZeUffhr. Chem. 1800, 2IS. 

■ Hofmann, Ann. Cheai. Fharm. livii. 91 : Milla, ibid, clxxri. 351, 
' GHess, Zeiltdir. Chem. ISSfl, 21S ; KekiiJe, Md. 6S7- 

■ Mithiel »Dd Morton, Ber, Dmttch, Outa. Get. li. lOa. 



^HS3! AEOMATIC COMPOUNDS. T 

^m Meladi-iodaniline, 0^^^'H'S.^{^ : i). — When hot solutions ^^s^^ 
^H of aniline and mercuric chloride are mixed, mercuric phenyl — - »,, 
^M ammonium chloride, N(CgH5.HHg)Cl, separates out as a yelloir^*^^ 
^M amorphous precipitiite, which is converted into di-iodiiuiIinis^^_^ 
^^ by an alcoholic solution of iodine.^ This compound may alsc^^^^' 
^^ he obtained by passing the vapour of two molecules of iodin^^^^^ 
chloride into a solution of aniline in acetic acid,* It cryataHiz^^T^ 
in needles melting at 95° — 96°, and forma salts which are disa^ " 
composed by cold water. It is converted by the diazo-reactic^^--, 
into metadi-iodobenzene. 

Tri'iodaniline, CgHjIg.NHj, is obtained by passing thi~-^^ 
molecules of iodine chloride into a solution of aniline in hyd»:^^ 
chloric acid. It ciystallizcs from boiling alcohol in long neeil^j Ma'" 
melting at 185-5°.* ' 



NITRO-SUBSTITUTION PRODUCTS OF 
ANILINE. 

1045 Hijfmann and Muspratt found that when ordinary dim- 
trobenzeuo (metadinitrobenzone) is treated ivith alcoholic am- 
monium sulphide, only one nitroxyl is reduced, and nitraniliue, 
CgHjCNOjjNHj, is formed.* This is also the case with the 
two isomeric dinitrobenzenes.^ The nitranilines are also obt^ned 
when the monochloronitrobenzenes, or the corresponding 
bromo- or iodo-corapounds, are heated with ammonia : 

CaH^ClCNOJ + 2NH3 = C,H,(NHj)NOj + NH^Cl. I 

This reaction takes place most readily with the ortho-coW 1 
pounds. The substituted nitrobenzenes containing more tb** 
one halogen are still more readily attacked by ammonia, tf^^ 
only one halogen atom is replaced by the amido-group. 

Nitj-o-substitution products of aniline are also obtained "^J 
heating the methyl- or ethyl-ethers of the nitrophenols w^^'' 
ammonia ; 

C^H/NOj)OCHa + NHj = C„H.(N0^NH3 -|- HO.CH,. 

' RH<lolph, Snr. IXulieh. Chem, Gea. xi. 78. 

• Micbael and Norton, loc tit. 

• StBEhoHBB, Jaam. Ckem. Son. xvii. 329 ; Michael and Norlon. 

• Jan. Chrm. Pharm. Ivii. EOl. 

' ZintliF and Kiiinf, Bvr. Deulecli. Chan. Oa. TiL ESQ and 1372. 
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NITRAN1LINE3. 233 

The basic character of aniline is weakened mucli more by the 
introduction of nitrosyl than by that of a halogen atom ; lienoe 
the mouoni tramlines are very weak bases, while the dinitrani- 
Unes do not combine with acids, and trinitraniline behaves as 
^id-amide, being decomposed by alkalis with fonnation of 
ammonia and trinitropheaol (picric acid), on account of which 

action it was tirat named picramide. 



NlTKANILINES, C„H^(NOj)NH,. 

1046 OrthonHranilin^ may he obtained by the methods given 
•bove from orthodinitrobenzene, orthonitrobromobenzene,' and 
OrthonitranisoL* It is best obtained from aulphanilic acid or 
anilineparasulphonic acid, C8Hj(NHg)S0gH, by converting its 
Sodium salt into sodium acetanilidesulphonate by means of 
"cetic anhydride. This is dissolved in 5 parts of sulphuric acid, 
*e]i cooled, and heated with the calculated quantity of nitric 
iicid. The solution is poured on to ico, neutralized with lime, and 
'he filtrate evaporated to a small bulk and boiled with dilute 
Sulphuric acid in order to remove the acetyl group. Potassium 
Hitranilinesulphonate is prepared from this, and is then decom- 
iMsed by heating with concentrated hydrochloric acid to 170° — 
180° ; orthonitraniline separates out from the solution thus ob- 
tained on addition of ammonia,^ It crystallizes in orange-yellow 
needles melting at 71'''5, which dissolve in hot water and 
volatilize when the solution is boiled. Its yellow salts are very 
unstable. 

MetanUraniline is best obtained by mixing 10 parts of meta- 
d in itro benzene, 30 parts of 90 per cent, alcohol, and 5 parts 
of concentrated ammonia, and passing sulphuretted hydrogen 
tlirough the mixture, which is warmed from time to time, 
until 5 parts by weight have been absorbed. The solu- 
tion is then precipitated with water, tlie precipitate boile<l 
^th dilute hydrochloric acid, and the filtrate re -precipitated 
■with ammonia, the metanitranilino being crystalUzed from 
boiling water.* It crystallizes in long yellow needles melting 
ftt I14<°. and subliming in small plates at 100'.'^ It has a sweet 

' Wfilkerand Zinckc. Br.r. DmUch. Cliem. Oa. v. IH. 
' S«lkoWBki, Attn. Chtm. Fkarm. pti.tiv. 278. 

* Nietzki and BoDcktHer, Ber. DeuUeh. Chtim. Oai. xviii. 2S4. 

* BciUtiiiD anil Rnrbiktow, .^nn. Chan. Pharm, clixTi. ti, 

* Habner, £cr. JkuUcA. Cftcnt Oe*. i. 1718. 



boTTUDg taste, boils at 285'°, and dues not precipitate metalli 
salts. Its salts are much more stable than those of the ortb» 
compound, but aie decomposed by aniline. It is not attacked 
by boiling caiistic soda,' 

ParanitranUint is obtained in a similar manner to the ortlio- 
compound from the corresponding para-compounds, as well ts, 
together with the former, by the nitration of the anilides.' 

To prepare it, 1 part of acetauilide is dissolved in 3 parts of 
cooled nitric acid of ap. gr. 1"5, the solution precipitated with 
ice-water, and thu parani trace tanilide filtered off. The filtrate 
contains orthoni trace tanilide, which can be extracted with 
chloroform ; both anilides are then decomposed with biiling 
hydrochloric acid.^ According to Nolting and Collin, acctaniUda 
is dissolved in 4> ])arts of sulphuric acid, and to this solution, vhidi 
is kept cold by a freezing mixture of ice and salt, the calculited 
quantity of 85 per cent, nitric acid is gradually added, the para- 
compound being formed, together with a little orthonitracet- 
anilide,* If aniline be dissolved in concentrated sulphuric mA, 
well cooled, and tlien treated with nitric acid largely diluted 
with sulphuric acid, all three nitraniliues are formed. In order 
to separate them, the solution is precipitated by ice-water, neu- 
trahzed with carbonate of soda, and distilled, the ortho- txA 
meta-compound being found in the distillate, while the pM&- 
compound remains behind.* 

It crystallizes from hot water in long, yellow, monoeliwe 
needles, which arc almost tasteless, and melt at 147°. It is » 
very weak base, and on boiling with concentrated caustJc sod* 
forms paranitrophenol (W^ner). Its salts are less stable 
than those of the meta-compound, but more so than those of 
orthoni traniline." 

DlNITEANILlNES, CuHg(NOj)gNHj. 

k _ 1 ■ 1 /o j\T f yellow monoclinic needles 1 
A.jmmetnc.1 (2 ; 4)' j J ^^^^ ^ „^;^|, ,^,j^^ J 

Adjacent (2 : 6)* long yellow needles .... 138" 

> Wagner, Ber. Dnitieh. Ohem. Ga. vii. 77. 
' Arppc, .^nn. Cliem. Fhartn. iriii. 367 ; Hofmanii, Jahrab. 18fiO, 849. 

> Crcthen, Bcr. DntUtk. Cheut. Ott. ii. 77G ; Beilateiii nud Kurbatov, LiM^ 
Aha, oxcviL S3; Witt, Jitr. J)cutKh. Chtm. Oef. viii 144. 

' Ibid. ivii. 251. ■ Hiibner, ibid. x. 1714 

* I,eltin«in, Hid. xvii. 2710. 

' Gottlieb, Ann. C^m. Pham. Ixnv. 24 ; Eiv^uew, ZfU»tk. Ctunit. 1871 
202 ; Enftclhiirdt and Lttnuliiiiaw. ibvl. ISTO, S33 ; Ctemm, Jmrn-. Prati, Chtm 
12], 1. 145; Salkowski, Ann. Vlum. Pkann. clxxiv. 263; ScIiBUHiMii, B*f. 
Ifeidmh. Chtm. Go. lii. 1345. ■ SalkowiV^ Kunier. 



Melting- point 



Thiniteasiline, CoH2{N02)jNH3 {2:4: 6). 

I compound, which is also narae<I picramide, is obtained 
k action of ammonia on etlijl picrate and clilorotriuitro- 
tte.^ It ciystaliizea from glacial acetic acid in dark yellow 
■inic tablets with a violet lustre, melting at 188°. 
B picric acid, it combines with benzene to form C^Hj(NOj), 
J* CgHg, crystallizing in broad, light yellow transparent 
k which rapidly lose benzene in the air. It also combines 
■her hydrocarbons and with amido-bases. 
)mmide-anilinc. C„K^(NO^^^}i^ + CaHgNH^. crystallizes 
fek, black, lustrous prisms or very long net^dles with a 
purple reflection, which form a bloo<i-red powder, and melt 

tamide-flimctkiflamline, C^'H^iNO^^'Sn^ + CaH,.N(CHj)j, 

■dark blue, lustrous erj'stals melting at 139° — 141°. 

|h these compounds decompose in the air, picramide being 



CHLORONITBAMtLINES, CaH3Cl(NOj)NH5. 

' These compounds are obtained by the nitration of the 
Uoracetanilides, as well as by heating the dicldoronitroben- 
iwith ammonia. The following are known (the first of the 
ped numbers gives the position of the chlorine, and the 
It that of the nitroxyl, the amido-group occupying position 1) : 



hloru metanitranilii: 



Melting-point. 
: 5)* yellow needles . 117°— 118° 




ATIOMATIC COMPOUUDS. 



liROMONlTltANlLlNES, CaHjBr(NOj)NHy 

MeltiiiK-paini. 

Orthobromopariuiitraniliae (2 : *) ^ yellow needles . 104-5° 

( reddish \ 
Metabroinortliouitraniline (3 : Gj^ ^ yellow J- 151 ■i" 



< yellow y 

( need lea ) 

C orange- 'i 

Parabromorthoni tramline (4 : 2) ^ < yellow 

(_ needles ) 

lODONlTRAKtLINES. 

Ortho-iodoparaiiitrauilino (2 : 4) * long iieedlf s . . 
Meta-iotlorthonitranilinc (3:6)'' j rila,teB 

I orange- ^ 
Pam-iodorthonitraniline (4 ; 2) " -j yellnw J- 

(_ needles I 

Besides these substitution products of aniline, many others 
can be prepared containing several Iialogeus, and also uitroxyl. 



AMIDOBENZENESULPHONIC ACIDS, 

C.H.CNH^SOaH. 

1048 Gerhardt, by beating formanilide, oxanilide, or aniline 
with sulphuric acid, obtained an acid which he called sulpbanUu 
acid.' Laurent considered that he had obtained this compound 
by the reduction of hia nitrobenzenesulphonic acid, but Sehmitt 
showed that this was a different substance.* Linipricht, wb 
first prepared the three nitrobenzenesulphonic acids in the pun 
state, found that they are readily converted into the amido' 
acida by treating their ammonium salts with concentrated 1 
monia and passing in hydrogen sulphide as long as heat t| 
evolved. The solution is then evaporated until all the am- 
monium sulphide is driven off, filtered from the precipitated 
sulphur, and acidified with hydrochloric acid. The amido-scidj 

' KSnier ; Rdbner, Bf: DtuUck. Chem. Oes. i. 1708. 
' Korner; WunWr, ibid. vi. 1542. 
* Korner ; iUyn anJ Wurslflf, jfnn. Chem. Fliann. c\xi 
' Miplmcl and Norton, fler. Dculach. Chrm. Oen. : 
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which separates uut after long standing, is purifieil by recryatal- 
lization from hot water, ^ 

Ortliaviiddimzcncsiilphmiic acid has been carefully examined 
by Limpricht and Bemdsen.* It is obtained hy converting 
nitrometabromobenzenesulphonic acid into the atnido-acid and 
heating this with hydriodic acid and phosphorus.* It is scarcely 
soluble in cold water, somewhat more readily iu hot, and crystal- 
lizes iu auhydrous duU-white rhomlx^hedral forms, or sometimes 
in thick rhombic plates, mixed with transparent, four-sided, 
pointed prisms, containing half a molecule of water. 

Metamidobemetieaiilphonic acid liaa also been examined by 
Bemdsen ; * it ciystaUizes in long, hue, auhydroua needles, or, 
on gradual evaporation of its solution, in transparent monoclinic 
prisms, which contain 15 molecules of water. It is prepareil on 
the large scale from the crude metanitro-acid, and is employed 
in the manufacture of colours. 

Paramidobtmcncsulpkonie acid is formed by the above reac- 
tions, and also on heating aniline ethylsulphate,* and anihne 
jtarabenzenesulphate, which decomposes into phenol and sul- 
jihanilic acid." 

According to Scbmitt it is prepared by pouring 2 parts of 
fuming sulphuric acid into 1 part of aniline, warming the mix- 
ture to 1X0° till sulphur dioxide begins to escape, allowing it to 
cool, and then pouring it into water. The acid separates out as 
acrystaUine mass, which can be purified byrecrystaUizationfrom 
hot water. It is employed in the coal-tar colour industry, and 
is prepared on the large scale by heating 3 parts of concen- 
trated siJphuric acid with 1 part of aniline to 195°; if fuming 
sulphuric acid be used, the reaction proceeds more rapidly, but 
the mixture iuust not be so strongly heated (Busch and 
Bindschcdler). 

Bulphauilic acid is slightly soluble in cold, readily in hot water, 
and ciystalMzea in rhombic tablets which contain 1 molecule of 
water, and rapidly effloresce in the air. Dilute chromic acid 
lizes it to quinoue. 

' Am. Chem, Pharm. cliivii. 73, 

' Ibid, ciixvii. 18. 

■ Ibid. cUxivi. 1S8. 

' Ibid. clxiTii. 82. 

• Lioipricht, Ber. Drvlmh. CJirvi. Ges. lii. 134B. 

' Prates! and Kopp, ibiil. iv. ers. 



DIAMIDOBENZENES OR PHENYLENEDIA- 
MINES, CoH^(NHj)y 

1049 Ziuiu first nbtaiued the mets-com pound of this gronpiu 
im impure state by tlio continued action of ammonium suIphiJe 
on ordinary dinitrobenzene, and called it " semibenzedam," ' while 
Gerbanlt gave to it tbe name of azopbenylamine. Hofmauii first 
obtmned it pure by reducing dinitrobenzene with iron and arelic 
acid, and described it as a-jdienylenedianiine, to distinguish it 
from ;9-pbenylenediamine, whicli be had obtained from para- 
nitraniline.- Besides their preparation from dinitrobenzene and 
nitraniline, the three diamidobenzenes can be obtained from 
the six diamidobenzoic acids, CoHs(NHj)5COjH, by the elimina- 
tion of carbon dioxide, as shown by Griess, who first prepare*! 
the ortho-compound in this way.s 

Ohthodiamidobenzene. 

This body may be obtained by the above-mentioned reactionsj* 
and also by tbe action of sodium amalgam and water on par»^ 
bromonitraniline.* It crystallizes from bot water in colourles* 
or slightly re<ldisb tablets, and from chloroform in quadratic 
plates; it melts at 102°— 103' (Hubner), and boils at 252* 
(Grieas). _ 

On throwing a crj-stal into water it acquires an extremel]^ 
rapid rotation in dissolving, which is still more striking tha* 
that which ia exhibited by camphor. Its isomerides an<I homO— 
logues behave in a similar manner." 

Orthodiaviido'jcmene hydrochloride, CoH^(NH3Cl},, is readily 
soluble in water, and crystallizes in groups of radiating needles. 
On adding ferric chloride to its solution, ruby-red needles 
separate out' having the formula C„H,gNoO(ClH)j -|- SH^O." 

' Journ. Pmli. Chem. xixiij. 34. 

= Jahrfjb. 1883, 421. 

' Iter. DeuUek. Chem. Oa. t. 201. 

* Zincks anil Sintenia, Ber, Daiitch. Chmn. Ga. vi 1S3 ; Zinokc nnd Kinne, 
ibid. vii. 1374. 

° Mpjur aud Wunter, Aim, Chtm. rharm. clxxi. <j3 ; Hiibner, iUd. <x:it. 
8S0, 

' OBlUnn»nn, Sit, Dwltch. Chem. Ocs. xviii. H8J. 

' Gri™. 

» BtlJolph. Bfr. llrUliKh. Chom. W«, lii. 2211. 
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On treating an alcoholic solution of the base with a drop of a 
solution of phenanthraquinone, Ci4Hg02, in hot glacial acetic 
acid, and boiling for a short time, a bright yellow precipitate of 
diphenylenequinoxaline, CgQHjgNj, separates out, consisting of 
small needles, which are coloured deep-red by concentrated 
hydrochloric acid. In this way 0*5 mgms. of orthodiamido- 
benzene can be detected. Orthodiamidotoluene behaves in a 
similar manner.^ 

On adding a dilute solution of potassium nitrite to a very 
dilute solution of orthodiamidobenzene sulphate, amidO'CUUh 
phenylenc separates out as any oily liquid, which soon solidifies : 

C,H,< + NO,H = C,H / \n + 2H,0. 

This body crystallizes from a mixture of benzene and toluene 
in needles, with a pearly lustre, which melt at 98**o and are not 
acted on by ferric chloride.* 

Dicyanorthodiamidobenzeney CgHgN^, is obtained by passing 
cyanogen through a concentrated alcoholic solution of orthodi- 
amidobenzene : 

/NH, CN .NH— C=NH 

^NHg CN \nH— C=NH. 

It crystallizes from hot water in pale yellow rhombic tablets 
readily soluble in alcohol, which sublime when cautiously heated, 
but do not melt even at 280°.^ On heating it with hydrochloric 
acid to 150° the following reaction takes place : 

/NH— C=NH /N=zC.OH 

CeH / I + 2H2O = C,H,< I + 2NH3. 

\NH— C=NH ^N=C.OH 

The dioxyquinoxyline formed will be described later on. 

* Hinsberg, Ber. Deutsch. Chem. Oea, xviiL 1228. 
^ Ladenburg, ibid. ix. 221. 
« Bladin, ibid, xviii. 672. 



AllOMATIC COMPOUNDS. 



Metadiamidoben'zesb. 



1050 This compound is obtained by reducing metauitntDiliii^ 
metadinitrobenzene,' bromodinitroberizene* and jS-dinitrobenioio 
acid, with elimination of carbon dioxide in tlie latter case.' It 
is also obtaineil by boating 8-iiiamidobenzoic w^id with baryta,' 
and was found by Hofmann in aniline oil.'" It is pre] 
from its hydrochloride by heating with caustic bai^ta. Il 
generally remaiiia liquid for a long time, but solidifies graJuaily, 
or, when a crystal of the base is thrown in, suddenly to a crystil- 
line mass, which is scarcely soluble in water but readily in alcohol 
It melts at 63°, boils at 287°, and ha^ an alkaline reaction. 

Meladiamidobemene hydrochloride, C5H^(NH3CI)j, is obtained 
by the evaporation of ita aqueous solution in concentriosllj 
arranged crystals. It is employed in the manufacture of colour- 
ing matters, for which it is prepared by adding tin to a miiture 
of hydrochloric acid and dinitrobenzene ; zinc is gradaaHy 
added to the solution to precipitate the metallic tin and » 
bring it into action again. After the dinitrobenzene has dis- 
solved, the metadiamidobenzene hydrocldoride is precipiUted 
by concentrated hydrochloric acid. It is also obtained on the 
manufacturing scale by reducing dinitrobenzene with iron Bini 
hydrochloric acid, the solution thiia obtained being directly 
employed for the preparation of colouring matters. 

On adding potassium nitrite to the neutral solution of the 
hydrochloride, a yellow to brown colouration is produced accord- 
ing to the degree of concentration ; this reaction is so delicate 
that even leas than 01 mgrm. of nitrous acid in 1 litre of water 
can be detected by means of it." The substance formed tl 
triamido-azobenzene or phenyleue brown. 

TdraiHethylmftndiamidohtvzene, C(H(.Nj{CHj)^, is obtained bj 
beating metadiaraidobenzene with methyl alcohol and hydr* 
chloric acid ti> 180° — 190°, and decoiii losing the product with. 
caustic soda. 

It is an oily liquid, l>oiling at 256°. and having a pecnli 
smell. With methyl iodide it forms the compound CaH,N.(CHg)st, 
which can be obtained in splendid crystals by evaporating 

1 HofnuDD, Jahreab. Chan. 1501, 512 ; ISSS, 423 ; C(ir<ji:m«mi, ZeittAr. Ck*M 
1865, Bl. ^ 

' ZKntMf >nit Sinlenia, A^r. DeiUjieh. Chnn. (If*, v. 702. 
» WuratBr, thU. vii. 149. * Ambnhl and Wur»ler, Oiid. vii SIL 
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aqueous solution ; this body is both an ammonium iodide and 
an amidobase, and therefore combines with acids.^ 

Nitrosotdramcthyhnctadiamidohcnzcne, CqH3(NO)N^(CH3)^, 

is obtained by adding sodium nitrite to a solution of the 

tetramethyl-base in hydrochloric acid. Tlie hydrochloride, 

CgH3(NO)N2(CH3)^ClH, thus obtained crystallizes in lustrous, 

deep garnet-red, almost black, needles, which dissolve in water 

with a fine wine-red colour. On adding caustic soda the solution 

Ixjcomes orange-yellow, M'ith formation of the free nitro-base 

^vhich may be extracted with ether, and is thus obtained as a 

deep brown oil, which gradually solidifies. It forms colouring 

XTiatters of various shades with phenols and amido-bases.^ 

Hexmtcthylorifiodiph'enylawmonmm iodide y CgH^N2(CH3)gl2, was 

obtained by Hofmann, together with the preceding compound, 

as a final product of the alternate treatment of metadiamido- 

benzene with methyl iodide and silver oxide ; it forms small plates 

readily soluble in water.^ 

Diphenylmeiadiamidohoizene, CqUJ^^H.GqII^^, is obtained by 
heating resorcinol with aniline, calcium chloride and a little zinc 
chloride. It readily dissolves in benzene and hot alcohol, and 
crystallizes in flat needles melting at 95°. Its hydrochloride, 
CgH4(NH.CgH5)2(ClH)2, forms deliquescent needles. Nitric 
acid added to its solution in concentrated sulphuric acid pro- 
duces a yellowish green colouration which soon changes to 
a bluish violet.* 

Mdaphcnylene-oxamic acid, C^Ji'i^^^^^.Cjd^ OH, is formed 
when metadiamidophenol is added to a boiling solution of oxalic 
acid ; it is slightly soluble in water, and crystallizes in bushy 
needles, which melt at a very high temperature, undergoing 
considerable carbonization.^ 

Paradiamidobenzene. 

1 05 1 This is obtained in a similar manner to its isomerides.*^ 
It is best prepared by the reduction of paranitracetanilide with 
tin and hydrochloric acid.^ 

^ Wiirster and Morley, Ber. DexUseh. Chcm. Grs, xii. 181 4. 

» Witt. ibid, xviii. 877. ' Hofmaun, Jahrcshcr. 1863, 422. 

* Calm, Brr. DrAtisch. Chem. Oes. xvi. 2792. 

* Klascmann, ibid. vii. 1261. 

« Hofmann, loe. cU. ; Zincko and Einne, Ber. Deutsrh. Chem. Gm. vii. 871 ; 
Alartins and Griess, Zeitschr. Cfurni. 1866, 136 ; Griess, Ber. Dculsch. Chem. Gcs. 
V. 201. 

' Horbrecker, Ber. DetUsch. Chem. Gea. v. 920. 
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S4S ABOHATIO COMPOUNDS. 

To prepare the free base, the hydrochloride is distilled witli 
anhydrous sodium carbonate.' It is slightly Holublc in watci; 
more readily in alcohol and ethor, ci^stalUzing from the Latter 
in tablets melting at 140°; it sublimes in small platt-s, and boili 
at 267". It is distinguished from its bomerides by the iact 
that on heating with manganese dioxide and dilute sulphurio 
acid it is oxidized to qui 

FaradiamulobeTucTie hydrochlorith, CaH,(NH;,.Cl)j, is readily 
soluble in water and crystallizes in tablets which are scarcelj 
soluble in hydrochloric acid. Bleaching powder precipitate 
quinone-dichlorimide from its solution (p. 174). 

DivielhylparadiamidobenzeTy, CoHj(NHj)N(CH3)j, is obtained 
by the reduction of nitrodimethylaniline or nitrosodimetbyl 
aniline.' It dissolves readily in ivater, melta at 41°. and boils a 
257°. It is employed for the manufacture of colouring matten 
and aa a reagent for the detection of sulphuretted hytlrogen 
The sulphate, which is employed for this purpose, may be readi!^ 
prepared from ffelianikin, CoH,NCCH3),.N,.CsH,.SOgNH^ 
commercial azo-colour, by heating it with ammonium sulphidi 
on the water-bath until the orange colour disappears. In thi 
way it is decomposed into the ammonium salt of siiljihanili^ 
acid and the free base ; tliis is extracted with ether, the sola 
tion shaken with lead hydroxide suspended in water, and i 
ethereal solution of sulphuric acid added to the filtrate. 
ether is then poured ofi" from the pulpy mass, and the residu 
warmed on the water-bath with 4 to 5 parts of absolute alcohf 
tmtil the salt separates out in fine needles. It is then wasbe 
with alcohol on to a filter pump and dried. On treating it -i 
a hydrochloric acid solution of sulphuretted hydrogen, a spleiidi 
blue colour is obtained, methylene blue being formed.* 

TdrarndhylparadiaiiiiddbeKu-nc, 0^^(^{GB^^^, is obtaiua 
by heating the preceding compound with hydrochloric acid i 
methyl alcohol to 170°— 180°, and then gradually to 200*. It : 
slightly soluble in cold, mo]-e readily in hot water, and readily i 
alcohol, crystallizing in small, lustrous, colourless or yellowia 
tablets melting at 51°, and boiling at 260°. Its a(]ucous solutto 
becomes deep violet-blue in the air, and itiS salts are 
coloured on addition of osidiziug agents, while its acetic i 



» E. Fisolitr. ibid, i 
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solution is converted by sodium nitrite into nitrosotrimethyl- 
paradiamidobenzene, CgH^N2(CH3)3NO, which crystallizes from 
water in small greenish yellow plates, melting at 98° — 00'', and 
giving Liebermann*s reaction. Tin and hydrochloric acid con- 
vert it into trimethylparadiamidobenzene, C(.H4N2(CH3)3H, an 
oily liquid, the salts of which give a splendid reddish-violet 
colouration with weak oxidizing agents. 

On adding potassium ferricyanide to a solution of the sulphate 
of the tetramethyl-base, small blue needles arc precipitated, 
possessing a cupreous lustre similar to that of indigo ; these are 
a ferrocyanide, Cij^Hj^N2.Fe2(CN)gH^. 

The tetramethyl-base combines with methyl iodide to form 
the compound CgH^N2(CH3)5l, which crystallizes in small plates.^ 

Hexmethylparadiphcnylammonium icdicle, C^jH^N .,(01^3)^12, 
Hofmann obtained this compound by the alternate action of 
methyl iodide and silver oxide on paradiamidobenzene ; it 
crystallizes in small plates (Hoftnann). 

ElhylparadiamidohenzeTiey G^J^YL^^H{G^1^, and Dicthyl- 
paradiamidohenzene, G^J^TA^l!ii{Q.^^.2^, may be obtained from 
ethylaniline and diethylanilinc by the nitroso-reaction, and like- 
wise give colouring matters.^ 

Dijplicnyl'paradiwnidobcnzcnc, Q^J^Yi.G^^^, is obtained by 
heating quinol with aniline, calcium chloride and a little zinc 
chloride, and crystallizes in lustrous plates melting at 152^ 
Its solution in concentrated sulphuric acid is coloured cherry 
red to magenta red by nitric acid.^ 

Acetylparadianiidobenzcnc or Amidoacctanilide, C^5H^(NH2) 
(NH.C2H3O), may be obtained by the reduction of nitro- 
acetanilide with iron and acetic acid, and crystallizes from hot 
water in clusters of long, thin needles melting at 1G1°. It is a 
monacid base, and forms crystalline salts.* 

Amidodiphenylamine, ^T1(G^^C^^^^^,\b obtained by the 
action of acetic acid and zinc dust on nitrodiphenylamine, 
phenylamido-azobenzene, C^jH5.N2.C^jH4.NH(C^jH5), and phenyl- 
amido-azosulphonic acid, the potassium salt of which is known in 
commerce under the name Trojyacolin 00. The product is 
extracted with water, saturated with caustic potash, and ex- 
tracted with ether. On shaking the ethereal solution with 

* "Wureter, loc. cU. ; Wurster and Schobig, Bcr. Dcutsch. Chcm. Gcs. xii. 1807. 
' Oehler, ibid. xiv. 553 ; Nictzki, ibid. xvi. 470. 

» Calm, ibid. xvi. 2805. 

* Nietzki, ibid. xvii. 343. 



dilute sulphuric acid, aniidodiphenylatnine sulphate separatoB 
out in small finu plates with a silver lustre. 

On adding amuioiiia to tlm hut aqueous solutioQ of the sal^. 
and allowing it to cool, the base crystallizes out insmnll histrouB 
plates which melt at 61°, aud are coloured green by the ur. 
Ferric chloride abided to solutions of its salts, produces a red 
colomation which soon changes into green, while on strongly con- 
centrating the solution a green precipitate is obtained, which 
dissolves in concentrated sulphuric acid with a camiine-red colour.^ 

IHamidodipkeni/laminf., NH(CbH,,NHj),, is formed, together 
with jMiradiamidobenzeue, when anihne-black is boiled with tin 
and hydrochloric acid, or with hjdriodic acid and phosphorus.* 
It crystallizes from hot water in small, feather-like plateS: 
which melt at 158', and yields n diazo-com pound which is con- 
verted by boiling alcohol into diphenylamine. On oxidation 
it yields quinone, and ferric chloride colours its solution dark 

Diphenylamine gives two d in itro-com pounds, one of which is 
yellow and yields diamidodiphenylamine on reduction, while 
the isomeric one is red aud yields an oily base (Nietzki and J 

Witt). I 

CARBAMIDE-DERIVATIVES OF THE DIAMIDO- 
BENZENES.3 

1052 On treating solutions of the diamido-benzene hydrc 
chlorides with a solution of potassium cyanate, phenyloi 
carbamides are obtained : 

.NH.CO.NH, 

vNH.CO.NHj. 

OrthophenyUne dicarliainide is readily soluble in water 1 
alcohol, and crystallizes in delicate needles, which melt at S 
and suhhme in small plates showing a play of colours, 

Mctapkcnylrnc dicarhamide is only slightly scJublo in hot wate 
and leas so in alcohol ; it forms crystals which melt above 3W 
and sublime, with considerable decomposition, in steilate-groupi 
needles.' 

1 NicUki nml Witt, B'.r. Dru/afJ,. CheM. a.t. xii. ISai). 

* Niettld, ibid. li. 10P7. 
' LsllniHUQ, Ann. t'hem. Phnrm. fxi\\. 1 ; Lellmann atnl Wfirtli 

Eciiviii. lfl». 

* Wfinior, Bet. Deuhth. Chan. Utx. viii. USD. 
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Paraphenylene dicarbamide forms small plates with a silver 
lustre, which are extremely difficult to dissolve in the ordinary 
Balvents, and on heating decompose with carbonization. 

The diamidobenzenes combine with phenylisocyanate to form 
compounds which decompose on heating into aniline and 
phenylene carbamides : 

.NH.CO.NH.CeH5 .NHv 

CeH / = CoH,< >C0 + NH^CeH,. 

\nh, \nh/ 

Orthophenylene carbamide is also obtained by heating orthoni- 
traniline with ethyl chlorocarbonate and converting the nitro- 
phenyl urethane formed, by means of tin and hydrochloric acid, 
into the amido-compound, which crystallizes in long needles, 
melting at 86*" and decomposing on strongly heating. 



.NHCO.OCjHg /NHv 



2^H' 



Orthophenylene carbamide crystallizes from hot water, in 
which it is only slightly soluble, and from alcohol in bright, 
lustrous plates, which become coloured brown and melt at 305°.^ 

Mdaphenylene carbamide is also obtained by the action of car- 
bonyl chloride on metadiamidobenzene. It is a white amorphous 
insoluble powder, which commences to char at 300"* without 
melting. On heating with hydrochloric acid to 160"* — 170°, it 
decomposes into carbon dioxide and metadiamidobenzene.^ 

Paraphenylene carbamide is a brown, insoluble powder which 
carbonizes on heating. 

On mixing solutions of the diamidobenzene hydrochlorides 
with ammonium thiocyanate, thiocyanates of these bases are 
obtained ; those of the meta- and para- compounds are converted 
on heating into the isomeric phenylene-dithiocarbamides, while 
that of the ortho-compound is converted into phenylene-mono- 
thiocarbamide : 

.NH3SCN .NH. .NH, 

C^/ = CeHZ >CS + CS< 

\NH3SCN \NH/ NNH^. 

^ Radolph, Ber. IktUaeh. Chem, Ot», xii. 1295. 
* Wichler and Zimmemumn, iJbid. xiT. iI77. 



The diamidol>enzenes also combine with phenyl mustard oil 
forming aniidodiphenyl-tliiocarbamides, of which the n 
compound melta on heating without decomposition, while the two 

isomerides lose aniline without melting: 












nplo of condensation taking place in 



This is therefore t 
the para series. 

Ortliojihcnylene fhiocart amide is slightly soluble in water, 
readily in alcohol, and trrystallizes from ammonia in large, 
colourless plates, which blacken and melt at about 290°, giving 
off a vapour which condenses forming plates exhibiting a 
play of colours, and produces on inhalation an intensely hitter 
taste. 

Orthamidodiphcnyl thiocarbajiiidc forms colourless, histroui 
prisms, which arc readily soluble in alcohol and glacial acetio 
acid, with difficulty in benzene, and insoluble in ether. 

MetaphenyUne ditkiocarbamidc is only slightly soluble in the 
ordinary reagents ; it is more readily soluble in alkalis, and i» 
precipitated by acids in microscopic plates, melting at 215°. 

Metamidodiphcnyl ihiocarbamide forms a yellow, amorphooi 
powder, or colourless prisms, molting at 147° — 148°, and solidii^* 
iug to a vitreous mass. 

Faraphenyknc ihiocarlamide forms light brown, almost i 
soluble microscopic plates, melting at 270° — -271°. 

Paraphi'.nylene dithiocarbamitU is insoluble in water, slightlj 
soluble in alcohol, and crystallizes from aqueous : 
small needles, melting at 218°. 

Paramidodiphcnyl thiocarhamidt crj'stallizes from alcohol 
in red prisms, which begin to fuse at 1G3° with scparatioi 
of aniline, this being formed io much larger quantity at 185°. 



TRIAMIDOBENZENES, CoHa(NH^,. 

1053 Two of these are known at present : 

a-Triamiildr/izcnc (1:2: 3), is obtained by the dry distil 
lation of triamidobcnzoic add, and is a red or brown crystallinl 
moss, melting at 103°, and boiling at 330°. It is a diadi 
base and forms cry stall izable salts. If it be ilissolved in ( 



i 
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pirated Bulphuric acid and a trace of nitric acid added, the 
pid is coloured a greenish blue ami then a fine daik blue.^ 
i-Tnamidubc7izeaCt (1:2: 4), is formed by the reduction of 
i asymmetrical clinitranilinc,^ as well as by the action of tin 
1 hydrochloric acid on dinitro-azobenzeneparasulphonic acid, 
I,(N6j)iN=NCoHjS03H» It ia a crystalline mass wbich 
1 turns rod, melta at 132° — 133°, and boils at about 340°. 
the preceding compound it is a diacid base; its dilute 
kitions are coloured emerald green by ferric chloride or 
1 dichromate, 



AMIDOPHENOLS, CuH,(Nn^OH. 

I0S4 These compounds are obtained by the reduction of the 
nitrophenols as well as by heating amidoaalicylic acid, CoH3(NHj) 
(OH)COOH, and its isomcrides with caustic baryta. They are 
weak bases ; their lialogen substitution products, on the other 
hand, behave like phenol, their acid character increasing with the 
number of hydrogen atoms replaced. The replacement of 
hydrogen fey nitroxyl acta still more strongly in this way. 

In these compounds, as in other am ido -derivatives, hydrogen 
can be replaced by acid radicals. It is a characteristic property 
of ortho-amidophenol that its acid derivatives, like those of 
many other ortho-amido-compounds, readily lose water and form 
an hydro-corn pounds : 

Amtvlamidonli en ol. Ethenylani iilnpbcii ol. 

Ortho-amidophenol v/aa discovered by Hufmann, who obtained 
it by the action of sodium sulphide on orthonitrophenot;* the 
reduction may be more readily effected by tin and hydrochloric 
acid.^ Itcrj^tallizes in small rhombic plates with a pearly lustre, 
which melt at 170° but sublime at a lower temperature. Its 
hydrochloride is readily soluble in water and crystallizes in long 
lleetlles. 



' SalltoBski, Ami. Chan. Plmrm. clxiii. 23. 

• Ibid, clxiiv. 265. 

' Junoiraliy, IfonaUh. C/iem. v. IKP. 

' Ann, Caem. Fharm. e'tH. 351. 

I Cook uid Schmitt, Kekuit'i Lehrb. iii. (11 ; Btr. Dciasti 



AROMATIC COMPOrXDS. 



McthyU/rtho-amidophennU or (yrtko-amigidime, C^H^vXHj^OCH,, 
fiinn<r<l by thci re«luctioii of oitIioiiitraiii»>l. C^H/XO^^OCB^* 
rid i.H a mobile, strongly refractiTe liquid, having a pecoliir 
[lour, and Ixjiling at 226^*5. It forms salts which cxystallize 
^•11. Methyl irxlitle acta violently npoa it ; if the two safastanoea 
m; mixed and kept cool by a freeang mixture, methylortho- 
iTiiHidine, C*^II/NH.CH5)OCH^ is formed as a liquid haSSoig 
it 2 IS'— 220V 

Trivi cih ylortho-a m idophmol or Trimtthjflkj^roxyijluiiylam' 

vujuuuii hydroxide, H0.C^H^N(CH^3OH, is obtained by treating 

a Holut'uHi of ortho-amidophenol hydrochloride in methyl alcohol 

with JJ jKirts of methyl iodide, adding a considerable excess of 

(•a\iHti(: potaith and allowing the whole to stand, with rej)eated 

iidditions of ]H)tash, until an acid reaction is no longer produced.' 

The? hydricHlide thus obtained is decomposed by freshly pre- 

cijiitaUMl Hilver oxide. The base is readily soluble in water and 

alcohol, but not in ether, and crystallizes in white prisms which 

have an intijusely bitter taste. On heating to 10q° it forms 

th(5 anhydride : 

C.H/, 

On distillation it is converted into the isomeric orthodimethyl- 
aiuitlo-J^^^i^*'!. ^'H.,O.C'oH^N (0113)2, a basic, strongly refractive 
Tuiuid, boiling at 2H)'*— 212° (Griess, Miihlhiiuser). The corre- 
HiK)UiVnig orth(Hlimethylamidophenol, H0.CyH^.N(CH3\, is 
forun'tl, together with methyl chloride, by the dry distillation of 
trimethylamidoiAuaiol hydrochloride, and crystallizes in rhombic 
nrisnirt, whi(!h melt at 45° and form an amorphous hydrochloride. 

l^Ivthixylimvlophcnal Q^/ ^CH, is prepared by heating 

ortho-amidophenol with formic acid. It crystaUizes in prisms, 
melthig at 30°-5, and boiUng at 182°-5.* 



or 



Htlunylaimdaphenol, C«H,^ ^C.CH,, is obtained by heatin 

<,rtbo-aiuiaovbonol with acetic ntiby.lriao aiui is a basic liqui.l 
Tailing at 200»-20r. It is converted by beatn.g witb dduto 

. MUhlhauHer, Licbw', Ann. ccvii. 2S5. •' Jbid. 

» (iri.!«, Btr. DntUeh. Chnn. Oc ^m- -t6- 
« Laileaburg, ibid. x. 1121. 
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acids into acetylamidophenol, HO.CgH4.NH(CO.CH3),^ which is 
also formed by the action of tin and acetic acid on orthonitro- 
phenol.* It crystallizes from dilute alcohol in small plates, 
melting at 201^ 

1055 MetamidopJicnol is not known in the free state, as it is a 
very unstable substance. Its hydrochloride Ls obtained by the re- 
duction of metanitrophenol with tin and hydrochloric acid ; it 
forms hard, colourless granules, an aqueous solution of which 
soon decomposes and becomes brown.* 

Paramulophencl. Fritsche obtained this compound by the 
action of acetic acid and iron filings on paranitrophenoL* It is 
best prepared by reducing the latter compound with tin and 
hydrochloric acid.^ It crystallizes in small colourless plates, 
which rapidly turn brown and melt, with decomposition, at 184*".® 
Its alkaline solution becomes coloured violet in the air, and it is 
readily converted into quinone by oxidizing agents.^ The hydro- 
chloride crystallizes in prisms, which readily dissolve in water, 
forming a solution which is coloured first violet and then green 
by bleaching powder (Lessen). 

McihylparamidojphcTicUe or Paranisidine, CqH4(NH2)OCH3, has 
been prepared by the reduction of paranitranisol,® and forms 
large rhombic tablets, melting at 55°*5 — b&*'b^ and boiling at 
245° — 246°.^^ Its hydrochloride crystallizes in long needles, and 
gives a violet colouration with ferric chloride. 

THixiethyljparamidophenoly HO.CqH3N(CH3)30H, is obtained 
in a similar manner to the ortho-compound, and crystallizes in 
small plates or prisms. On distillation it is converted into 
2K(radimethylamidO'anisoly GRjd.C^^iGS.^^, which crystal- 
lizes from alcohol in small rhombic plates (Griess). 

1056 a-Nitramidophenol, CqH3(N02)NH2(OH), is formed by 
the reduction of a-dinitrophenol. It crystallizes with one 
molecule of water in orange-red prisms, which lose their water of 
crystallization on heating, and then melt at 142° — 143°.^^ 

^ Ber. Dcutsch. Chem. Oes. ix. 1524. 

- Morse, iiid. xi. 232. ' Bantliu, ibid, xi. 2099. ' 

"* Ann. Chem. Fkarm. ex. 166. 

" Cook and Sohmitt, Kt^kuUa Lehrb, iii. 62. 

* Lessen, Ann, Chem, Pharm, clxxv. 296. 

7 Kbrner, Jahrcsh. 1867, xxiii. and clxxiii. ; Schmitt, Jouim, PraJcL Chem, 
[2], xix. 317 ; Andresen, ibid, xxiii. 173. 

** Cahours, Ann, Chem. Pharm. Ixxiv. 800 ; Brunck, Zeiiseh, Chem. 1867, 
205. 

^ Lessen, Ann. Chem. Pharm. clxxv. 324. 

'® Salkowski, Ber. Dcutsch. Cliem. Ges. vii. 1009. 

" Stuckenberg, Licbig's Ann, ccv. 66. 
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fi-Nitramidophenol crystallizes In red needles, melting 
110°— 11 1° (Stuckenberg). 

y-KUramidopkenol ia obtained by boiling nitrometadiatQuIu- 
bcnzene with caustic potash, and crystallizes in yeUowish nd 
plates, melting at 133° — 134°.' 

a-Diniiramidophetiol or JHcramic aeul, C,H.(NOj)jNHj{0H), 
By the action of milk of lime or baryta on a mixture of faroni 
sulphate and picric acid (carbazotic acid), Wohler obtained a blood- 
red solution, and found that it contained the salts of a pecoliu 
crystalline acid, which he called " reduced carbazotic acid,"' wliile 
Berzeliua named it " nitrohaematic acid." ' Girard, by treating 
picric acid with ammonium sulphide, obtained a similar e 
pound, and named it picramicacid;* Pugh then showed that this 
is identical with Wtihler's acid, and that it ia also formed by 
the action of stannous chloride on picric acid." It may also be 
obtained by nitrating a-nitramidophenol (Stuckenberg). In order 
to prepare it, an alcoholic solution of picric acid is evaporated 
mth an excess of ammonium sulphide, the residue extracted ititb 
water, and the filtrate decomposed by acetic acid.* 

Picramic acid (OH : NO^ : NH^ : NOj=l : 2 : * : 6), oystal- 
lizca in dark red needles or monoclinic prisma, melting at 165', 
and forming orange-red solutions in water and alcohol, which art 
rendered more deeply coloured by alkalis. 

Potassium picramale, C(|Hj(NOj)jNH^(OK), crystallizes in 
long, red, rhombic tablets. 

Ammonium pieravuitc, C(jHj(NOj)jNHj.(ONHJ, forma dark, 
orange-red rhombohedra. 

Silver picramate, CaH2(N0j)j(NH^(0Ag), is an amoiphom, 
red precipitate. 

Melhjl picramcUe or DinUranisidinf., CoHj(NOii)jNHj(OCH^ 
Cahours prepared this compound by the action of alcohoU 
ammonium sulphide on methyl picrate. It crystallizes from l 
alcohol in dark violet ueedlea, and, like picramic acid, combine 
with acids to form unstable salts. 

P-Dinitramidoi^henol, (OH : NO^ : NH^: NOi=l : 4 : C : 
This compound, which is also known as isopieramie acidt i 
prepared by heating a solution of benzoylamidosalicylic acK 
CoH3(NH.C,Hj)(OH)CO,H, in glacial acetic acid with nitr" 

' BathagUa, Bcr. Deutach. Chan. Oca. vil 1257. 

' Po^. Aim. xiii. 488. • /^Arft. iv. 87S. 

' Ann. Chem. Pharm. Uxsviii. 2ai ; Jalireab. 1S66, 636. 

' Anti. CArm. Pharm. icvi. H3. 

• L(«, CAem. ytici, iv. 193 ; rctoracn. Zeilach. Chem. ISfiS. 377. 
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acid; carbon dioxide is thus eliminated \vith formation of 
benzoylisopicramic acid, which is then decomposed, by heating 
with hydrochloric acid, into benzoic acid and isopicramic acid. 
This crystallizes from hot water in lustrous yellow plates or 
needles, which become brown on drying, dissolve in alcohol 
or water with a cherry-red colour, and melt with decomposition 
at l70^ 

Potassium i8opicram(dt,C^L^i^O^^TL^{01S^yi& readily soluble 
in water, and crystallizes in dark blue needles.^ 

DiamidopheTiol, C^R^^S'EL^fiTi, is formed by the reduction 
of o-dinitrophenol,^ and is scarcely known in the free state, 
as it is very readily decomposed. Its salts crystallize well; 
their aqueous solutions rapidly turn brown in the air, and are 
coloured an intense dark red by ferric chloride or potassium 
dichromate. 

TriamidapJienol, C0H2(NH2)8OH. By the action of iodide of 
phosphorus and water on picric acid, Lautemann obtained a salt 
which he named picrammonium iodide, CQHg(NH3l)3.' Heintzel, 
however, found * that by the reduction of picric acid with tin 
and hydrochloric acid, the hydrochloride of triamidophenol, 
C^Hj(0H)(NHjCl)5, is formed, and that Lautemann's compound 
is the corresponding hydriodide. Gauhe'^ denied this, but 
Heintzel then proved ^ that triamidophenol, and not triamido- 
benzene, is obtained by the reduction of picric acid. It is also 
formed by the action of tin and hydrochloric acid on picramide,^ 
one amido-group being replaced by hydroxyl. It is very un- 
stable in the free state, and its salts also readily oxidize. Its 
dilute solution is coloured a deep blue by feme chloride, 

.NH 
amidodi-imidophenol, 'BiO.GJ3^(^TL^<(^ \ , being formed. This 

is a monacid base, the hydrochloride of which crystallizes in 
farown needles with a blue lustre (Heintzel). 

* Dabney, Amer, Chem. Joum, t. 20. 

* Gauhe, Ann, Chem. Pharm, cxlvii. 66 ; Stackenborg, ibid. ccv. 66 ; Homilian, 
Ber. Deui$eh. Chem, Ote. viii. 768. 

* Awn, Chem, Pharm, cxxv. 1. ^ Zeiieeh, Chem, 1867, 838. 

■ Ihid, 1868, 90. < Ber, Deutseh, Chem. Ges, i. 111. 

^ Hepp, Ann, Chem, Pharm. ccxt. 850. 
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AMIDODIHYDROXYBENZENES. 

1057 AmidocaUchol, CaH(,(NHj)(OH)j, is obtained Ly tk 
reduction of nitrocatechol with tin and Lydrocliloric acid; it* 
Lydrocliloride forms long, dark coloured needles. When the 
free base is separated by an alkali it immediately oxidizes in 
the air and dissolves witli a dark violet colour,* 

Amitloresorcinot, CBHa(NHj)(OH)j, is formed by the acliouof 
tin and hydrochloric acid on nitroresorcinol ' and phenylazoresor- 
cinol, CaHj.Ns.CgHsCOHJg.i' The hydrochloride. C«HtN0j.HC1 
+ 2 tT,0, crystallizes in large oblique prisms or flat plates, which 
appear colourless when the light passes through the broad faces, 
hut olive-brown when it passes through the narrow ones. Thej 
become coloured green in the air ; when caustic soda is added to 
the solution a deep blue colouration is produced, wliich thea 
becomes green and finally yellowish brown. Ferric chloride 
produces a deep brown colouration, and then an almost bladi 
precipitate. 

Diamidoresorcinol, CgB.^(SB.^^{OR)^, has been prepared fi 
diuitrosoresorcinol * (p. 143), and from phenyldisazoresord 
(CoHBNj),CaH,(OH),.fi The hydrochloride, C'„HsNjO,(HCl), i 
rather uustable ; the sulphate, 2CoB:s>f jOj.S0,H, + 3H^0. foni 
slightly soluble needles. The free base, which is separated li 
alkalis, rapidly decomposes and becomes brown ; if, hem 
ever, the salt be suspended in chloroform, shaken with a fel 
drops of caustic soda solution, and then largely diluted wU 
water, it is coloured bright blue. Ferric chloride produces d 
same colouration, which, however, soon changes into a dirl 
brown. 

7'riam.idoresorcinol, C,jH{NHj)3(0H)j, is prepared from trinitri 
resorcinol, and is very unstable in the free state. The hydn 
chloride, CoHbN30,(HC1)5 + H,0, crystaUizes in needles, whi 
dissolve very readily in water, and are repreoipitated by hydp 
chloric acid. They decompose in the air, and become colount 
red. 

' llencdikt, Ber. DniiUcb. Cheat, Qtt. xi. 303. 

= WeseUky, Ann. Chrm. Fkana. clxir. 8. 

» Miiyerami Kreia, B»r. Dtubeh. Chem. Oa. xvi. 1330. 

• Vitz, ibid. yiii. B:13. 

* Liuliemuina and Koabmecki. ihld, xvii. SSI. 
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■ Amidodi-imidoresorcinol, CgHjNgOj+HjO, is obtained by the 
xidatioa of the preceding compouad, either by passing air 
rough its concentrated solution, or by tlie addition of ferric 
bloride : 

,NH, ,NH 

3,H(OHyNH2)-( + O = CuH(OH),CNHJ<; | + H„0. 

B.Ammonia precipitates tlie compound in green needles, having a 
f-.teetallic lustre, which are insoluble in alcohol and dissolve in 
[.caustic potash with a deep blue colour. The hydrochloride 
iidTStallizcs in splendid red needles, being only very slightly 
ptoluble in water, and repreci pita ted by hydrochloric acid.' 
Tien it is heated with an a^id to 1T0°, trihydroxyquinone 
Wi^ 157) is formed, 

PlU&ramine, C^H^(NlI^(pB)^{l : 3:5), is formed whenphloro- 
^Qcinol is dissolved in ammonia. This reaction is very re- 
markable, as in other phenols the hydroxyl can only be replaced 
by the amido-group with great difficulty. It ciystallizes from 
'warm water in small micaceous plates, which in the damp state 
t rapidly become brown, but when dry do not change. In this 
I it differs from amidoresorc-inol, which contains the hydroxyls 
I m the same positions. Fliloramiue lias a slightly astringent 
I'tkste, gives no colouration with ferric chloride, and only 
V leduces silver solution when warmed ; most of its salts 
D.ciyBtallize well. 

PhioTtiminc hydrodiloride, CgHjNOyHCl + H^O, forms needles 

a small plates; the nitrate, CgHjNO^.HNOj,. crystallizes in 

-coloured, and the suljihate (CgHjN 0^5.11^80, + 2HjO, 

a yellow, needles." 

Amidodimttkylquinol, CuH3fNHj)(0CHj)j, is formed by the 

ction of tin and hydrochloric acid on nitrodiraethylquinol ; ' 

Vat is, however, much more readily prepared by gradually adding 

■Bodium ankalgam to an alcoholic solution of this containing 

Mtic acid.* 

It crystallizes from hot water in small plates with a pearly 
lustre ; it separates from hot benzene in brown crystals, and 
""rem petroleum spirit in scales with a silver histre, which in 
ick layers show a brown reflection. It readily decomposes 

' Sohreder, Ann. CJitm. Pharm. clviii. aSU. 

' llliwiwetx, ibid. ciix. SO-2. 

' Mlihlbftnser, tbid. ccvii. 85.1 ^ MargulLi, Br-: Ih-iltdi. Cheiii. (lai. iiv. 71, 

' Bu(<g«l8r, ibid. xvii. 2113. 
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•Vi-n !ri 'ar-no mii Kancres into i hiack Tiitw IxB ivjipumLjrii* 

••r'-tJiilizi'-H .11 viiiTr-. -rrii 'rpsm^nt aeettleai 

Tu* ui I It "HIS ^♦.^I^♦•u »r' *Utr ijaae retincea -sivJir aoiiriin. a 
mirror Mihi' ti-mn-ti »n iiearini^ :r ^tfa. tfriric •mioridi*. aDa3 
/r«-i*:ji.-ii :iljiri*s «*er)jvraTr i^iit. ^liitiL 'iisBQivii in watfer "wiA a 
n'fi 'VtlDiir 

Dhnfth ifftpn Tu,itn.nt Tu ilium m r/ni n m fjoflide. < TaH,. OCBS S 
'^ Ff, .J. ..s fiirmt-il viu*n 'he h»ae is iieatefi tjn LjO"* wirkmetkri 
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'.vitji ^f)mi; iirfirTiir/ in alfolinL iloisc ailv^er osiiie craTerta 
it. Int. I rin* ir.'.lp»v:nl<:. vliiirh hiw i ^tninir nlkiimi* praciv-n, 
i« "Vi^-frrtiivilv 4«)liii»!i' In watitr. -intl 'irrsrallizpa in trma^tirent 
xhm'AU'a: r i h t ■ • h i « . ir 1 1 1 ; tn mi:< 'v iiiti* , r^a« lii v * i Ii ibie ELtteiilK*. wLi:h 
mrlr, at 17- ■ Baissirr . 

fyuf„i.iiiiiliiii*'fhtjl'r>finiii, ^V.,!!^ "yH.^ .,. Ui'.'H.j^ ^ is pr»rparHi tv 

arnil. jvlrli r.in an«l h7'ir;«*hi<ini! a*M«I. The hvilr»v*:hltjrliie •rrvsta!- 
I !/#'.-< ill loh'/, lijMrriiiH n**t-<i:h:s. whi<^h melt ac WT. anni wL-rii 



AMIDOTRIHYDROXYBENZENES. 

1058 ArfoAf/ftyroffalbjl, T'.H^ NH.^ Off ^. is obtains I by the 
M-Udu f,f fin anrl hwlnj^ihlorio a«:M on nitrorivr»vTalL>L The 
}iyt\rfff\AhTi<\f'. fonn.H brown rif:»:<lh>s, which bec«jme a 'jrreyish 
bl;i/k ^^n ftfafif)iri;( ; it.^ solution .s»n becomes dark and de[N.»5its 
ft fU^^/rtihtnt blur- pHfcipitat.^; ; if, howf:ver, it \}e rapidly evap3rate«l, 
a d/irk bin*; rnaM H^rjArat>:s out, and the concentrate»l liquid 
UiMi d'jKmiU ji;(j(n'i^at.';.H of short dark prisms, which dissi.dve in 
wat«T with a d<Tp bhiinli vioh.*t colour. These become black on 
Mfjihdifiij, urid then r>idy j>;irtially dissr>lv«i in water with a brt»wu 
colour. Whi'U a frcnhly pn*pared s<;lution of the hydnKddorido is 
Rhfikrn up with cauMtir! H^nla, a <hM'p blue colouration, which 
n*rriMitiH for Moirir time, in jm^hiced.^ 

' K»ii«if, /,Vr. Jhulsrh. Chnn. Ocs. xiii. 1676. 
> liarlii, JHunalifh. Ctum. i. 682. 
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AMIDOTETRAHYDROXYBENZENES. 

1059 Amidonitrotetrahydroxyhenzene, Cg(N02)(NH2)(OH)4, is 
;prepared by reducing the potassium salt of iiitranilic acid (p. 1G3) 
"with a solution of stannous chloride in hydrochloric acid; it 
separates out in long, brownish violet needles. Its solution in 
caustic potash or potassium carbonate rapidly blackens in the 
air, the corresponding quinone being formed. 

Diamidotetrahydroxylenzcne, Cq(^'R^^{OH)^. In order to 
obtain this substance the method described for the preparation 
of the preceding compound is followed, and, aft^r this has 
separated out, zinc is added until the solution becomes colour- 
less. The hydrochloride of the base, Ce(NH2.HCl)2(OH)^, is 
then precipitated in long needles by a stream of hydrochloric 
acid gas. The base, which is separated by caustic soda, rapidly 
decomposes and becomes brown; nitric acid oxidizes it to 
triquinoyl (p. 193). 



AMIDO-DERIVATIVES OF QUINONE. 

1060 Dichlorodiamidoquinone or Chloranilamide, CgClg 
(N 112)202, is formed by the action of alcoholic ammonia on 
chloranil.1 It forms a dark red crystalline powder with a semi- 
metallic lustre, sublimes when heated, and is insoluble in water, 
alcohol, ether, and ammonia. It dissolves in alcoholic potash 
with a violet-red colour, but is decomposed when the solution is 
boiled, chloranilic acid and ammonia being formed. Its violet- 
red solution in sulphuric acid is coloured blue by a little water ; 
when more is added the colour changes to wine-red and the 
compound is precipitated. 

Amidonitrodihydroxyqidnonej Cg(N02)(NH2)02(OH)2. When 
the solution of amidonitrotetrahydroxy benzene in potassium 
carbonate is sufficiently concentrated, the salt, Cg(N02)(NH2)02 
(0K)2, separates out in black needles which have a cupreous 
lustre. The black solution of this compound is turned yellow 
by hydrochloric acid, and on standing deposits small orange-red 
prisms of the compound Ce(N02)(NH2)02(OH)OK. 

1 Laurent, Bcrz, Jahrcsh. xxv. 850 ; Knapp and Scliultz, Ann, Chan, Pharm, 
ccx. 180. 
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ainiHl ill ^M 
adilitiun 



^mM, a^Mt bkek fktM vnk a green lustre, by the 

if Cane cUaiA* or aoaw odker oxidinng i^eot to a solution of 

i lkm ii b li l ii hj ihMij l iiB Ijf ■■ "^ 

CjfOH)-C +2Fe-CL = C,OyOH),< | +2Fe,a,+4Ha 

b it KMc ety soliAfe in tlie orduurr Bolrents. but imparu a 
ydlnnfa red colovr bi tbem. It fonns a brown soludun in 
snlphanc ni, bat is {Hitullr deoon^MMed ; nitric acid oiidizea 
it to triqoinoTL^ 

JMaMdidafnMi^u or QximomaMiliJe, CJt/NH.C.B^P^ U 
livm«d when qiumne is biMUd vith aniline and alcohol;* in 
thia reactioD qoinol and a browui^ red snbstance. insoluble b 
water, are formed : ' 

It crvstsllizes in smalt, icddish brown plaUs with a mctallie 
lustre, wbieh fonn a magenta-eoloured solution in solphum 
acid. 

CWwnxIwiiti/iA<?»(»J«>iu-.C,HClCNH.C,HJjOy is prepared fron 
tricblomquiDone, and furms small brown plates ivitb a metAlUl 
lustre, which form a blue solution in sulphuric acid.* 

IHchloranilidopii»,>nf. C,Clg(XH.C,HjijO^ This componnJ 
which has also been called rkloi-anil-onilidf. is obtained h 
boiling cldoranil with aniline and alcohol (Hofnituin. Knapp, an 
Schultz). It is insoluble in water, scarcely soluble in alcoho 
but SDioewbat more readily in boiling benzene and glacitJ accti 
acid, from which it crj-slallizes in small, square, brownish b]a( 
plates, which form a bluish violet solution Jn suljihuric acid. 

By the action of aniline on an alcoholic solution of tricblon 
([tiiniiiio ihioriraiiie, CgHCljO(NCl), acompound is obtain<?d wbic 
is probably identical with dicbloranilidoquinone. It crystallize 
from hot benzene in small, yellowish brown plates with a sligh 
iiict'Lllic lustre, which form a deep blue solution in siilphuii 
acid.' 

' KiptAi, JItr. IkulMh. Chem. Go. xvi, 2002 ; KJcUki and Bcnckiscr, » 
xviii. 460. 

■ lloftnaun, JahraA. Chem. 18e3, 415 ; WirjhelhiDii, Ber. DeiUieh. C** 
G». V. 861. 

• Knajm nnit SebuIU, Attn. Chan. Phann. rax. 178. 

• Nputiiifpt 8(1.1 Stlmln;, ffrr. DsuUch. Ckna. (7«. :<. 1793 ; Knurr * 

• Solinillt mid Aiidrrscli. J^mra. PniH. Clirm. [2], XiU: VX. 
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The tliroe preceding compounds are converted by reduction 
into the corresponding quiiin! derivatives, wliicL rapidly osidize 
again in the air. 

1061 TrkhloToqiiintmediinethylaniteniviidt, CjjHjjCljNjO. — 
Sclimitt and Andreseu give this name to a compound which is 
obtaijied by adding dime thy Ian ill nc to a warm alcoholic solution 
of tricldoroiiuinont; clilorimide : 

C,HCL,O.Na + CuH^.N(CH3),-CaHCIjO.NC,H,.N(CH,),+ HCI. 

The hquid becomes coloured a deep blue, and after some bom's 
deposits needles an inch in length, which appear golden green 
when the beam of light falls in one plane with the longer axis, 
and deep re<i when it is perpendicular to this axis. They 
give a sky-blue streak and are very elastic and tough, and 
the^(^fo^e difficult to pulverize. Hot water is coloured blue by 
them, but only a trace dissolves ; they arc slightly soluble in 
cold alcohol, mor« readily in hot, and easily in ether and 
benzene, forming a greenish blue solution. 

This compound is converted by reduction into trvJUcrodi- 
jae,thyUiniiaiaviidopkfTiol, Q„nG\{OB)'S^RX:^^:^{GB.^^. which 
crygtaUizes from hot alcohol in fine white prisma, fusing at 
138° — 139° to a <leep blue liquid, As it is a phenol it dissolves 
in alkalis forming solutions which rapidly absorb oxygen, the 
qiiinonimide being re-formed. On the other hand it gives stable, 
crystalline salts with acids. 

Diajd/idoquimnanilulc. CuH.CNH.CoHJpCNCeH,), is ob- 
tained by heating a solution of 1 part of quinone and 2 parts 
of aniline in 20 parts of hot glacial acetic acid for a short time 
on the water bath. The anilide separates out on cooling in 
brownish red needles, which melt at 202° — 203° and form a 
yjblood-rcd solution in sulphuric acid. It forms salts which 
e very soluble, and therefore difficult to obtain pure. 
L AnUidohydTtxryquinonanilkie, CflHjO(NCoH,)(NH.O„Hj)OH. 
fcThe methyl ether of this compound is formed when the 
seeding compoiiml is wanned with methyl alcohol and 
pphuric acid: 

/NH.aH. 
aH.,OCNaH,),^ + HO.CH3 

,NH.aH. 
^ 4- C„H,.NH„. 



= C„H,0{NCJIJ< 

^OCH, 
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It crystallizes in large, brownish red plates, which mdt m 
188° — 189°, and form soluble blue salts. The platinum chloride 
is deposited from its solution iu small, dark, lustrous phitea; the 
jiicrate forms small, brownish violet. lustrous cr>'slals. 

The ethyl ether crj-staUizes in small red plat*a or pismi, 
melting at 1 34°. 

When the ether is decomposed with very dilute aWholio 
potash, the free anil idohydroxyquinonan Elide is obtained. It 
crystallizes in scales with a metallic lustre, which form a green 
[xjwder, slightly soluble in alcohol and readily in acetic adJ, 
It forms very solublo salts ; those of potassium and sodium 
crystallizing in small brown needles with a silky lustre. 

AnilidohydroxyifidTioM, CpHjOj(NH.CoHj)OH, is prepared bj 
heating the above compound with dilute caustic potash until 
the dark red solution becomes brighter. It is set free by aciiis 
as a bbie crystalline precipitate, which dissolves readily in hot 
alcohol and glacial acetic acid, and forms a brown solution in 
sulphuric acid, from which it is reprecipitated by water. It 
forms soluble alkaline salts. 

When dianilidoquinonanilide is heated with alcoholic potashi 
the compound CjgHj^NjOg is formed ; this crystallizes iu snwU 
red needles melting at 191" — 192°, is readily soluble in alcohol 
and benzene, dissolves in sul})huric acid with a green colour, aod 
forms metallic salts. Its constitution is expressed by one of tbs 
following fonnuhe : • 



Anilidodih f droiyqui Bon nnilido. 

/OH 
aHO(NC.H,)^N H.C.H, 
\0H 



DUnilidoh jdroxyq ninnns. 

/NH.C„H, 
C^HOj^OH 



\nh.c,h, 

THJiydrrmjanilidoq^Unone, CoH,CNH.C„H,.OH)jOj, is formed 
when quinone is added to a hot solution of pararaidophonol in 
hydrochloric acid. It crystallizes in small, violet-brown, lustroia 
plates, which are insoluble in the ordinary solvents, but dissolvfl 
readily in alkalis. 

Orthamidophenol does not pve an analc^ous compoimd, bat 
is oxidized hy the quinoue : 

In order to prepare the condensation product which is formed iu 
this reaction, 4 — 45 parts of quinone are added to a hot, con- 
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atiated, alcoholic solution of ortho-amidophetiol. It separatee 
on cooliDg iu small violet needles, melting at 250', and 
■bliining at a liigher temperaturt; in small, red, lustrous needles, 
ihicfa are slightly soluble in alcohol and benzene, and more 
idily in aniline. It dissolves in acids with a deep red colour. 
tTheliydri)chIoride,CyH,gNjOj(HCI)j.cry9tal)izes in arborescent 
ilea with a beetle-green lustre, and readily forms double 
■Its with several metallic chlorides. The sulphate is a green 
nstalline powder, the oxalate ciystatlizes in green, and the 

rate in steel-blue needles with a green reflection. 
I When the base is boiled with acetic anhydride, the compound 
^H,5(CjHjO)jN,0, is formed ; this crystallizes in yellowish 
brown needles or small plates, melting at 285°. 

Ortho-aniidop!ienolincthylether,NH„,CoH,.OCHj, reacts with 
quinone in an analogous manner to aniline and paramidophenol, 
erl}Mdimeikoxy<milUoqii.inonf., C(,H/NH.CgH,.OCH3)jOj, being 
fonned ; this substance crystallizes in reddish violet needles 
melting at 230°, and forms a beautiful blue solution in 
sulphuric a<:id. Quinone, on the other hand, does not act upon 
acetylortho-amidophenol, CaH,(0H)NH(CjH30), and from this 
it follows that both the hydmxyl and the amido-group take part 
in the formation of the bjtse from ortho-aniidopheuoL' 



^^L X063 Thio-aniliTte or Siamidopkenyl sulphide, S(C,Hj.NHj)j, 
^^Kobtained by heating aniline to 150° — 160° with sulphur : 
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2C.Hj.NH, + 2S = S< -I- H,S. 



^e reaction proceeds more rapidly if litharge be gradually added 
to take up the sulphuretted hydrogen which is formed.' 

Tliin-aniline may also be prepared by dissolving phenyl sul- 
phide in concentrated nitric acid and reducing the nitro-com- 
pound thus formed." It is slightly soluble in hot water, readily 
in a'cohol and ether, and crystallizes in long, thin, odourless 
in'cdles. melting at 105°. 

' Zinckf Huil Hehebrand, Ann. Ckem. rita-nn, rcTxvi. 60. 
' Mcraarjil Weilh, Btr. Devlach. Chem. Ga. iv. 3S4. 
* KnSt, ibiiL TU. 3S1. 
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Tkio-anUme hydrochhridc, CuH,jNjS(HCI), + 2H,0, Ureadily 
soluble in water, slightly iu hydrucliloric acid aud alcohul, uiii 
crystallizes in lustrous prisms or needles. 

Tkio-aniline mlphate, C,jHjjN^,SO^Hj + H^O, is slightly 
soluble in cold water, more readily in Lut, and almost insolublo 
in alcohol ; it forms short pnams or pointed needles. 

Tkio-aniline oxalaif, C'^^Hj^N^S.C^H.O,, crystallizes in Sls 
needles, which are only slightly soluble in hot water, 

Thu solutious of those salts have an acid reaction, and, even 
when very dilute, colour pine wood a fine orange. Fenic 
chloride produces a deep violet or blue colouration on warming. 
When thio-aniline is heated with concentrated sulphuric acid, a 
colourless solution is obtained, which soon becomes deep blue, and 
finally violet. If the blue liquid be poured into water, asplendid 
red solution is formed. 

Ortho-aviidotkiopkeJiol, CbH.(NHj)SH, is obtained by tiia 
action of tin and hydrochloric acid on orthonitrobenzenesulplonic 
cldoride.^ It boils at 234°, and solidifies in the cold to needles 
melting at 2G°. When cyanogen is passed through its alcohulic 
solution, oxalamidotJiiophcnol is formed : 



2C,H.< + NC— CN = CMf ^C— C 



I^'^^C.B 



This compound may also be prepared by adding phosphorus 
oxychloride to a solution of anhydrous oxalic acid in ortho-amido- 
thiophenol, or, together with sixty per cent of other producU 
which have not yet been investigated, by heating acetanilida 
with sulphur for some time ; iu spite of the small yield this is th* 
best method of preparation. Oxalamidothiopheuol crystalliiMi 
in lustrous plates, which melt at about 300", and are alnn*l 
unaffected by the ordinary solvents. It distils almost withoiri 
decomposition ; when heated to 200° with caustic potash it 
composes completely into oxalic acid and ortho-aniidothiophen<4 
so that the latter is most readily prepared from acetanilide.' 

Metamidoikioj)he7iol is obtained by the reduction of metanitro 
henzenesulphonic chloride. It is an oily liquid, smelling B 
mushrooms ;« its hydrochloride. CuH,(SH)NH2.CIH. is readJlj 

' Hofmann, Bcr. Dcuiadi. Cliaa. Gci, liii. 19. 

= Ibid. »iii. lTi:i. 

» Glut* and Schranck, Juurn. I\iiH. Chern. ['>l U. 223. 



THIODIPHENYLAMINK 261 



soluble in water and crystallizes in lustrous, warty masses, 
melting at 232°, and subliming at higher temperatures.^ 

Orthodiamidophenyl disulphidc, SgCC^H^.N 112)2, ^^ formed by 
the oxidation of ortho-amidothiophenol in the air, or more rapidly 
by the addition of ferric chloride to its solution in hydrochloric 
acid. It is insoluble in water, and crystallizes from hot alcohol 
in small plates melting at 93°. Its hydrochloride forms small 
plates, which are scarcely soluble in hydrochloric acid, even 
when very dilute. When sulphuretted hydrogen is passed 
through a solution of the base, amidothiophenol is regenerated 
(Hofmann) : 

S.aH,.NH2 

I + H^S = 2HS.CcH4.NII2 + S. 

S.CqH^.NH2 

Paradiamidophenyl disulphide, S2(CgH4.NH2)2. — ^When acet- 
anilide is heated to 100° with chloride of sulphur, two compounds 
are formed, dithio-acetanilide, S2(CgH4.NH.C2H30)2, and trithio- 
acetanilide, S3(CgH4.NH.C2H30)2, both of which crystallize from 
glacial acetic acid in small plates. When the former is heated 
with dilute sulphuric acid, the sulphate of paradiamidophenyl 
disulphide, S2(CeH4.NH2)2SO^H2 + 2H2O, is obtained ; it crys- 
tallizes m very fine needles, and when treated with an alkali 
yields the free base. This is slightly soluble in hot water, and 
crystallizes in long, thin, greenish needles, which have a vitreous 
lustre, and melt at 78° — 70°. 

Schmidt calls this compound pseudothio-aniline,and gives the 
name dithio-aniline to an isomeric resinous substance, which is 
prepared by the action of bromide of sulphur on aniline, and 
possesses basic propei-ties.^ 

1063 Thiodiphenylamine, S(CgHj2NH, is obtained by heating 
diphenylamine with sulphur to 250° — 300°. It crystallizes 
from hot alcohol in yellowish, lustrous plates, melting at 180°, 
distilling at a higher temperature almost without decomposition, 
and solidifying to a coarse radiating mass.^ Moderately concen- 
trated nitric acid converts it into nitrodiphenylamine sulphoxide, 
SO(Cj2H7.NOo)NH. This substance has not yet been obtained 
pure, but the following compound has been obtained from it : 

Amidothiodiphenylamine, S(Ci2H7.NH2)NH, may be prepared 
either by reducing the nitro-compound with stannous chloride 

* Biedermann, Bei\ DeiUsch. Chem, Oes. viii. 1674. 

* Ibid. xi. 1168. » Bemthscn, ilnd. xvL 2896. 
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fi- Dixitrodifikenjfiamimi mtfpkiaiJt is predpitatcd hy vater 
fjrom the oitnc add soltrtktt, and aha being boiled vritli alcohci 
focins a fine, bright yelknr powder. 

Both these eompoands are reduced hy tin and hydro- 
chloric acid to the c o cre apop ding diamidothiodtphenybmines, 
S(C,H^NHj)jNH. the oxygen of the sulpboiide being elimin- 
ated ; these compounds and the colouring matters wLich arft 
readily obtained from them by oxidation will be subsi.\jiK-ully 
described. Owing to this fonontion of colouring matters, nvvn 
fractions of a milligramme of thiodiphenylamine can be detected 
with cnae. The subetance to be tested is dissolved in a fei 
drops of glacial acetic acid, treated with fuming nitric acid and 
diluted with water. The nitro-compouud which is precipitated 
is then boilcil with an acid solution of stannous chloride, the tiD 
precipitated from the colourless solution by ztnc, and an excoa 
of ammonia added ; the solution on standing in the air soon 
becomes coloured a deep violet. If ferric chloride be added 
iiiitt<.!ad of ammonia, a deep violet colouration is produced' 
if tbo solution be dilute, while if it be concentrated a reddish 
violet precipitate is thrown down, 

> n<in)Uwcn. Ikr. DtaUck. C-hem. 0«, ivii. e8S7. 



Methylthiodiphenylamine, S(CgHj)jNCHj, ia obtained by 
hcaliiig thiodiplienylamioe with methyl iudide and wood spirit, 
and crystallizea from hot alcohol iu splendid long prisms, 
melting at 9E)°'3. Potassium permanganate, added to its boiling 
aqueous solution, oxidizes it to methyldiphenylamine sulphone, 
S0j(CgH4)jNCHj, crystallizing in masses of small needles, and 
melting at about 222°. Like other sutphones it has neither acid 
nor basic properties; it forms a deep blue solution in boiling 
sulphuric acid, which becomes a brownish violet on dilution 
with water. 

Dinitromethi/ldiphenylamijie sulpkaride, SO(C^g.VO^\'SCS^, 
is formed by the action of fuming nitric acid on the preceding 
compound. It is more soluble in glacial acetic acid than the 
dinitrodiphenylamine sulpboxides, but, unlike these, is insoluble 
in dilute alkalis, the hydrogen of the imido-group, which is re- 
placeable by metab, being absent. On reduction it is converted 
into dUimidomethyUhiodiphtnylaviinc, S(CbHj,NHj)^CHs, 
which rapidly oxidizes to a very unstable bluish green colouring 
matter.' 

Ethylthiodiphenylamine, ?i{C^^^C^^, crystallizes from 
alcohol in long, thin, white prisms, mcltiug at 102°. 

Acetyllkiodipkenylarnine, S(C(|HJjNCjHaO, is obtained in 
thick, colourless crystals by heating thiodiphenylamine with 
acetic anhydride ; it is slightly soluble in alcohol and is de- 
posited from its solution iu long, thin, glittering prisma. 

f 

^p 1064 The formatiun and constitution of these important com- 
pounds have been discussed in the Introduction, They are 
much used in the laboratory, as well as in colour works, for 
the preparation of substitution-products, azo-colours, &c. For 
these purposes it is generally unnecessary to prepare the pure 
diazo-salt, a solution of it being all that is required. A solution 
of the chloride is obtained by adding sodium nitrite to a cooled, 
dilute solution of one molecule of aniline and two of hydrocldorio 
acid, which is well stirred during the addition. The end of the 
reaction is recognised by the evolution of free nitrous acid, which 
lay be detected by its smell, or by holding some paper soaked 

' ficr. Dr.uiach. Cliem. Qei. »vii. 2854. 
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ill potiftsaium iodide ivnd atarcL over the liquid. In this w»y 
either sodium nitrite or auiline in solution can be roughly 
estimated.' 

When the solution is treated with strong hydrochloric acid 
and heated, a mixture of phenol and chlorobenzene is fonned,' 
If, however, the solution be heated nearly to boiling, and then a 
solution of cuprous chloride in hydrochloric acid added, jiure 
chlorobenzene is obtained.^ In a siiniiflr manner Sandmeycr 
has replaceii the nmido-groupa of mctanitraniline, orthainidn- 
phenol, paradiamidobenzene, and metadiaraidobenzene dirocUy 
by chlorine.* 

A solution of diazobenzenc nitrate or sulphate is often nsed 
instead of the chloride, and is obtained in a similar manner. 
When a solution of tlie sulphate is boiled, pure phenol is formed, 
and by means of this reaction many amido-bases can be com- 
pletely converted into phenols.* 

DiaxolKuzttt'S cliloritte, GoHgN^Cl, b only known in solution; 
when hydrochloric acid and stannic chloride are added to a con- 
centrated sohition. the double salt, (CoHjNjCljjSnClj, separates 
out iu small, white, indistinct plates, which are only very slightly 
soluble in alcohol and ether, but readily in lukewarm water, 
i'rom which they are reprecipitated by concentrated hydrochloric 
acid. The dry comjiound decomposes on heating with vigorous 
decrepitation ; on boiling with water it yields phenol Whea 
allowed to stand in the air for a considerable time, the compouuil 
undeigoes a decomposition in which the greater portion of it ia 
apparently converted into paradiphenol. OH.CjHj.Cynj.OH." 

Siazobemene Iromule, C^HgNjEr, is prepared by the addition 
of bromine to an ethereal solution of diazo-amidobenzone : 

C^HsN^iN— NH.CfiH^ -|- 3Br., = CflHsN~NBr 
-1- CuHjBr3.NHj -^'2HBr. 

The tribromaniiine remains in solution, whih the bromide 
s'jparates out in small plates with a mother-of-pearl lustre, 
which are very explosive in the dry state. By sliaking its 
aqueous solution with silver chloriilo, a solution of pure diaM- 
benzene chloride is obtained. 

Diazohenzene perbromide, CgHjNBr — NBrj, ia formed when a 
solution of the nitrate is treated with hydrobromic acid and 

' NioWki, llf.i: Hcutoc*. Chem. Gai. Kvii. 1351. 

'' Qasiorowsky nnil Wayaa, ibid, xviii. SS7. 

' SnndmeyBr, ihuL ivii. 1633. ' Ihid. xvii, 2650. 

' V. Moyer, ibid. riii. 107*. • Oriew, ibid, xviii. 906. 
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^kmiiiii. It separates out &a a browu oil, which, after being 
^bshcd with ether, suhdifics iu large yellow plates. It is toler- 
ably stabli- in tho dry state, but on standing in contact with water 
^B ether, in which it is insoluble, or with alcohol, in wliich it 
^BBolves to a slight extent, it rapidly decomposes. On heating 
^K detonates violently ; when it is heated nith anhydrous car- 
^B&ato of soda, or boiled with absolute alcohol, bromobenzene 
^Rfbrmed. This can also be obtained Irom aniline by means of 
^b diazo-reaction in the following manner; a solution of 
^vS grms. of cijpper sulphate, 36 gi'ins. of potassium bromide, 
^Bd 11 grms. of sulphuric acid, sp. gr. I'S, in 80 grms. of water 
^■heated with 20 grms. of copper tilings until the colour has 
Hkuly disappeared ; 0'3 grms. of aniline ore then added, the 
^Bole heated nearly to boihng, and a solution of 7 grms. of 
^■dium nitrite added gradually. In this way gnns. of bromo- 
Hmzene are obtained (Sandmeyer). 

^■1065 IHazdbenzene. nitrate, C^HyNj.NOj, was fiist obtained by 
^Hiess, and used as a starting-point for other diazobenzeiic com- 
^■jBiids.' In order to prepare it, the nitrous gases evolved from 
^wmixturu of arsenic trioxide and nitric acid ai-e led slowly 
^Hto a well-cooled paste of aniline nitrate and water, until the 
^BgUtion of caustic potash to a small portion ceases to set free 
^Hiina It is then filtered from a brown resinous body which is 
^■nernlly formed, and tlie diazobenzene nitrate precipitated in 
^Bl^, white needles by the ucldition of alcohol and ether to the 
^Btrate. It is readily soluble in water and slightly in alcohol, 
^Bt is insoluble in ether; in the dry state it explodes wlien 
Hntly heated, or on percussion, even more violently than 
nilminating mercury or iodide of nitrogen. 

[f its cold, saturatod solution be allowed to drop into con- 
centrated ammonia, diazo-amidobenzene, an amorphous brownish 
red body, CjgHj^N^O and a compouud, which has the formula 
OjjHjjNjO, are formed. This last componnd may be obtained 
in yellow prisms by the spontaneous evaporation of its deep 
yellow solution, and explodes even more readily and with greater 
violence than the nitrate. On boiling with hydrochloric acid it 
decomposes with formation of phenol and anihne : 

C,,H„N,0 = CuH^O + OuHjN + 2N,. 

Arid diazohenzent sulphnti; CyHj.Nj.S0,H, is obtained by the 
liiition of dilute sulphuric acid to an aqueous solution of the 
' Ann. Clieni. Pkann. exxxvii. 30. 
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nitrate. The nitric acid and excess of sulphuric acid are re- 
moved by washJDg with alcohol aiid ether, and the solution is 
then allowed to evaporate over sulphuric acid; a little phenol 
and fruG sulphuric are thus formed and must be removed by 
absolute alcohol. The crj'stals are then dissolved in the smallest 
possible quantity of water, treated with alcohol and ether, and 
the aqueous layer attain allowed to evaporate. 

Acid diazobenzc^ne sulphate crystallizes in white prisms 
which decompose and deliquesce iu the air. It detonates ut 
about 100°. 

I>iazobtnzene platinichloride, CflHsNjPtClg, is formed when an 
acid solution of plaUnum cUoride is added to the solution of 
a diazobenzene salt ; it crystallizes in fine, yellow prisms, slightly 
soluble in water and inisoluble in alcohol. When it is ignited 
with carbonate of soda, chlorobenzene is obtained. 

This reaction is used to replace tlie amido-group by chlorine, 
but this may be more simply effected by Sandmeyer's methoil. 

JHaxobemene aurickhride, CgHgNgAuClj, crystallizes from 
warm alcohol in splendid small plates with a golden lustre, which 
are insoluble in water. 

Diazobemene cyanide, CgH^NjCN + HCN, is obtained by the 
addition of the sulphate to a cooled solution of potassium 
cyanide, and crystallizes in orange-yellow prisms, which melt 
at 69° and are very imstable.' 

IHazohenzene picTcUe, Q^^fiC^J^'^O^^AS a yellow, crystal- 
line precipitate, insoluble in water, alcohol, ether and benzene.* 

Potanaium diaxobemenesulphonatK, C^HjNjSOjK, is prepared 
by at^lding diazobenzene nitrate to a cooled, slightly alkaline 
solution of potassium sulphite and then treating with caustic 
potash ; this precipitates the compound in yellow crystals which 
detonate violently when heated. Like all the diazo -com pounds, 
it gives Liebcrmann's reaction (p. l76) with phenol and sul-- 
phuric acid.^ On reduction it is converted into potassium i 
phe ny 1 hy d razinesnlph onate, CgH^. N ^H^.S Oj K. 

io66 Dia^dienzeTiesaliihonie adds are obtained by the action 
of nitrous acid on the aniline sul phonic acids according to the 
following equation : 

C„H / + NO,H = CM,( >N + 211,0. 

\SO,H \S0/ 
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As may be seen from tUis formula, they are not true acids, but 
must be considered as salts of diazobenzene. 

Mftadiazobenzenesulphonic acid forms small, reddish yellow 
prisms, which readily dissolve in cold water, but are decom- 
posed by water at 60° with formation of metaphenotsulphonic 
acid. It is not attacked by boiling absolute alcohol, and in the 
dry state detonates violently when heated.^ 

Paradiazobftnzenesulphonic acid, was first obtained by Schmitt.' 
To prepare it, rather more than the calculated quantity of sodium 
nitrite is added to a solution of Eulphanilic acid (pammido- 
benzenesulpbonic acid) in dilute caustic soda, and the mixture 
poured into cooled, dilute sulphuric acid. The diazo-com pound 
separates out in white cryatala,^ which are insoluble in cold 
water, and readily soluble in water at 60° — 70°, but are decom- 
posed by it at higher temperatures with formation of para- 
phcnolsul phonic acid, while boiling alcuhol converts them into 
benzenesulpbonic acid. Gaseous anmionia decomposes the 
diazo-compotmd with explosive violence ; it is not attacked by 
phosphorus pentachloride even at lOO".* 

Diazobe-nsenedisulphonic acids are formed by the action of 
nitrous acid on the amidobenzenedisul phonic acids.^ They are 
monobasic acids of the following constitution : 

HO.SOj.C.H / ^N. 

Diazobenxctu: potatstKcide, C^HjNjOK, is obtained, according to 
Qriess, by gradually adding a cold saturated solution of diazo- 
benzene nitrate to a large excess of concentrated caustic potash 
and evaporating the yellow liquid, which has a peculiar aromatic 
odour, until it solidifies as a crystalline mass. It is then well 
pressed between porous plates, extracted with alcohol, the 
solution evaporated, and .the residue again pressed, dried over 
Bulphuric acid and washed with ether to remove a brownish red 
decomposition product. In ordei to obtain it perfectly pure, 
ether is added to its solution in a little absolute alcohol ; the 
diazobenzene potassium is thus precipitated in small white plates 
which have an alkaline reaction and absorb carbon dioxide very 
readily. It detonates feebly at 130°, and decomposes in aqueous 

' Brrdiben. Litbig't Ann. rXxxiU, 89. 
> FiMLer, tWrf. cic 7b. * Lo*r, 

* Drrhes, Btr. Jftvitk. Ckem. Of*, u. 
-IiziTiii. JS7. cie. 3^3 ; Znodct, Hid. cxci 



Bolntion, slowly iu the cold, more rapidly on lieating, witJtl 
Beparation of a biowuigh red substance. I 

Diasobenxfne argeniox-idf, CgH^NjOAg, is obtained as a greyish I 
white precipitate by mixing a solution of the potassium compound fl 
with a silver solution. It can be preserved without undergaiogl 
any change, and detonates violently on heating. I 

Griess has prepared several other compounds of diazobenzena I 
with the metals.* I 

IHasohtmene hydroxide, CgHjNgOH. — Griess prepared this I 
compound by the addition of an equivalent of acetic acid to an J 
aqueous solution of diazobenzene potassoxJde. He looked upon it ■ 
Hs free diazobenzene. C^H^N^, and assumed the existence of this J 
group of atoms in its derivatives, giving, e.g. to the nitrate, the 1 
formula CoH^Nj.NOjH. It is a thick yellow oil which has nn 
aromatic odour, begins to evolve nitrogen a few minutes after it 
has been isolated, and soon changes to a brownish red elastic 
substance ; with larger quantities the spontaneous decomposition 
proceeds with explosive violence. The formula given for this 
substance is deduced from the fact that when freshly prepared 
it combines with caustic potash, nitric acid, &c., to form the 
diazo-dertvatives which have just been described. 

1067 Diazo-amidohejizcne, CgHjN = N.NH.CaHj. — Griess ob- 
tained this compound by passing nitrous acid into an alcoholic 
solution of aniline.* He also prepared it by the action of 
aniline on diazobenzene nitrate ; * 

C^Hs-N^NOs + SCnHs.NHi = CuIl6.Ns.NH.CgH5 
-1- C(|H,.NH3.N03H. 

In onler to prepare it, a solution of pure potassium nitrite offl 
sp. gr. IS, cooled to 5°, is gradually allowed to run on to purn 
dry aniline hydrochloride, and the residue washed with coUfl 
water,* or two molecules of aniline are dissolved in ether, exactl^| 
a molecule of amyl nitrite added, and the mixture allowed t^| 
evaporate over sulphuric acid." V 

R. Fischer adds one molecule of sodium nitrite to a weQfl 
cooled aqueous solution of two molecules of aniline and tbrofl 
molecules of liydi'ochloric acid, and then a concentrated 8o1utio^| 
of two molecules of sodium acetate, when the diazo-amidobenzeoM 
separates out as a ciystaUine precipitate.^ V 

' Ann. Chtm. Pliarm. cinvii, 67. ' Rid. xii. 268. M 

> Ihid. KXXxvM. G3 : Boe dm KeknIiS. Ltlirh. ii. TLd. ■ 

* Miu-tiiaa, ZeiUehrifl, Cbem. [2], 391 : Saraiiw, Bee. HciiSscK. Chetti. (?«*. xltfl 

2W2. ' V. Ueyor, ibid. viii. 1074. • Ibid. zviL eiL fl 



Diazo-amidobeiizene is insoluble in water, slightly soluble in 
cold, more reatilly in hot alcohol, and crystalhzea ia golden- 
yellow plates, or from benzene in large flat prisms, fusing at 91° 
to a reddish brown oil which detonates at a higher tem- 
perature. On warming with strong hydrochloric acid it de- 
composes into nitrogen, aniline, and phenol. 

It forms no salts with acids, but chloroplatinic acid produces 
a precipitate of (C|jHj[Ng)„PtClgi in small red needles or prisms, 
which readily decompose. Diazo-amidobenzene, in presence of 
Baits of aniline, is, as already explained, readily converted into 

rumido-azobenzene, CgHj.Nj.C,H,.NHj. 

B 2)iaullK7llxne~amid(A7w>wbe7tse7Le,C„ii^.'S.^.'ii'ii.Cg'H.^Br. — Griesa 

^Vbtained this compound by the action of parabromaniline on 
diazobeuzene nitrate ; it crystallizes in yellow needles or small 
plates.' When he treated aniline with diazobromobenzene 
nitrate he did not obtain the isomeric compound C|jH,Br,N2. 
NH.C^Hj, but the same substance as before.* A similar result 
was obtained in the preparation of other diazo-conipounds ; 
whether a molecular change takes place, or whether, as Griess 
assumes, the diazo-amido-compuunds have a different constitution 
from that which is generally assigned to them, has not yet been 
determined. He gives the following formula to diazo-amido- 

r. benzene: 

m CnHj=NH=NH=\H=CaH(. 

P I>iambcnxcM-cihylamin(, CoHj,.Nj.NH(CjH5). is obtained by 
the action of ethylamine on an aqueous solution of diazobeuzene 
nitrate ; it is an oily hquid, very similar to the following 
compound, which has been more carefully examined. 

Ilvaohcmeiudiinethylamine, C^^^^^{G\l^^ is a yellowish 
oil having a peculiar aromatic odour, and can be distilled in 
small quantities without decomposition, but in large quantities 
decomposes with a tolerably violent explosion, forming di- 
methylamine. It is a wesik base, and forms salts which are 
slowly decomposed by water in the cold, more rapidly on 
heating : 

CoHj,Ns.N(CHs)2 + HjO = C„H6.0H + N^ -|- N(CHg)jH. 

The alcoholic solutions of both these compounds yield amido- 
Kzobenzeno when treated with a salt of anihue, ethylamine or 
dimethylamine being formed at the same time.^ 




I 



miir, C,IIjN^— GrieaB first obtaiued tliia com- 
acduo of Mjoeoas unmotiia oa diazobenzene 



CA>Er-*NBr, + XH, = C^N— \ + 3HBr. 
\^ 
N 

It is who ttAaiaed by tbe action of hjdroxjlamiue on an 
#n[alt||iii aoiodon (^ ilt&zubenzeDe sulpbate (Fiscber), as trell as 
bv tbe decoaipaaitioD of uitroeopbeDylbydranne, wbich will be 
•nbteqnentlT described ; 



C^N 



NH. 



\no 






To prepare it, rmde phenjQiydimzine bydrocbloride is dissolved 
ia 13 parts of w&t^r, an excess uf sodium nitrite gradually added, 
and tbe mixtare beated to boiling in an apparatus connected 
with an inverted condenser until tbe gentle evolution of gas 

Biazobenzenimide is a yellowish, oily liquid baving a stupefy- 
ing, ammoniacal and aromatic odour. It is insoluble in wattv, 
and can be distilled with steam, or in a vacuum, bat explodes 
on distdlation under the ordinary pressure. 

Amidodiazobensene-eompoKnds. — By passingnitrousaciil through 
a solution of paradiamidobeozene hydrochloride and adding goUl 
chloride, a precipitate of paramidodiazobenzene aurichloride, 

.NHjAuCIj 
C,H.<^ . is obtained, from which other salts of par- 

\N = NAua^ 
amidodiazobenzene can be prepared; these have not yet been 
described.* 

The two other diamidobenzenes are rot converted into 
diazo-compounds by nitrous acid. Metadiamidobenzene yields 
triamido-azobenzenc. C,H,(NH,)N,.C5H3(NHj)p while orthodi- 
amidobenzeiie ia converted into the following compound ; 

Axo-imidohtnzene, C^H^Nj. — Ladeuburg obtained this com- 
pound by adding potassium nitrite to a solution of orthodiaraido- 
benzcne sulphate, and named it aniido-azophenylene.* 

' Ah«. Chirm. Fharm. cmvii. (16. 

» Ibid. mo. »3, M. 

' (irieae. Kit. Dnttuh. Ckrm. Om. ivii. 603. 
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Its formation is expressed by the following equation : 
CeH,/ + HNO, = CeH,/ | ^NH + 2H,0. 

m 

It crystallizes from benzene in needles having a mother-of- 
pearl lustre, and melting at OS^'S. 

Metamidodicuobenzenimidef CqH^(N3)NH2. — This interesting 
base was obtained by Griess, who converted metaphenylene 
oxamic acid (p. 241) into the diazo-chloride by means of sodium 
nitrite and hydrochloric acid, and from this prepared the 
perbromide, which gives the following reaction with ammonia : 

.NH.C2O2.OH /NH.C2O2.OH 4- SNH.Bg. 

C,h/ +4NH3 = CeH/ 

\NBr— NBr^ ^N— N 

N 

The new acid is almost insoluble in cold water, and crystallizes 
in white needles. On boiling with concentrated caustic potash 
it decomposes according to the equation : 

.NH.C2O2.OH /NHj 

CeH / + H^O = CeH / + Cfi,(On),, 

\N— N \N— N 

\^ \^ 

N N 

Amidodiazobenzenimide is a yellowish, oily liquid, having a 
slight smell resembling bitter almonds, is volatile in steam, but 
detonates on heating. It tastes at first as sweet as sugar, and 
then extremely bitter. It forms salts which crystallize well. 

Amidodiazobenzenimide hydrochloride, CgH^(Nj)NH3Cl, crys- 
tallizes from hot water in small, white, pointed rhombic plates ; 
platinum chloride precipitates the double salt from its dilute 
solution in small, greyish yellow needles. 

The hydrochloric acid solution of the base gives with nitrous 
acid a diazo-compound which has the formula CgH^(N3)N.^Cl, 
and combines with phenols and amido-compounds to form azo- 
compounds, which are colouring matters possessing very 
remarkable properties.^ 

^ Bar. DetUsch. Chem. Oes. xviii. 963. 
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1068 Diazokydroxybeiaene ci/wpontuh are obtaiuod by treating 
alcoholic solutions uf tlie salts of the amid ophenols with uitrogua 
trioxicie. They are decomposed by )iydriodic arid ia the cold wilh 
formatioQ of Um iodophenols. Alcoholic sulutioos uf tlto sub- 
stituted amido-pheiiols are not cnnvortetl by nitrous acid into 
diazohydroxybenzeue salts, but into anhydrides of the substituted 
diazophenols : 

OH O, 

aH.(NO,)< + NO„H = C,lig (NOJC ^^ + 2H,0. 

Whcii, on the contrary, the ethers of these amidophenoU are 
employed, the fonnatioti of such auhydridca is impossible, anii 
they behave like the amidophenols or aniliue. 

Orth<jditiioph:nol chloriih, CoH,(OH)NjCI, is obtained by 
treating ortho-amidophenol hydrochloride with absolute ak'uhol 
8aturat<;d with nitrogen trioxide, the mixture being cooled by 
ice-water. An iudigo-blne sohition is first formed, and so^ 
changes to brown. On addition of ether the chloride is pre- 
cipitated and crystallizes in lieautiful rhomboLfdra, which are 
readily soluble in alcohol and become milk-white in the air, 
losing their water of crystallization. It fonns a platinum 
chloride which crystallizes well and j-ielda orlliochloropheuol 
on heating.' 

Farad iazopkenol chloride, CoH,(OH)NgCl, is obtniued in a 
similar manner to the preceding compound, from paramidopheool 
hydrochloride, and crystallizes in long needles, slightly soluble in 
alcohol (Schmitt). The platinum chloride. [CgH/OH)N J^tC^ 
on ignition yield.s parachloropbenol, and cjuinol is obtained by 
heating the chloride with concentrated hydrochloric acid.* 

Paradiuzophcnol nitrate ia formed in a peculiar manner by 
passing nitrogen trioxide through a well-cooled ethereal solution 
of phenol ! 

C„H,(OH) + 2NjO, = CuH,(0H)N..N03 + NO3H. 

The free nitric acid formed converts a portion of the p}ienol 
into ortho- and metanitropheiiol,^ The nitrate ia also obtained 
when nitrogen trioxide is passed through an etheroal solution of 
nitrosophenol.* It is readily soluble in alcohol, insoluble iu 

' Sohmitt, Bcr. DfiUneh. C'hrin. Oa. L 67. 

' Wnwlsliy nii.i SJinler, iSirf. ix, 1160, 

» W™i-lsky. ibM. viii, PS. ' Jiijjpr, ibid, viii, Hll.l, 



ether, and crystallizes in light brown needles which are very 
explosive and fire like gunpowder, leaving a large teaidue of 
carbon. By dissolving it in dilute sulphuric acid, and adding 
alcohol and then ether, the sulphate is obtained aa a splendid 
ciystalline mass. This is not explosive, and is converted by 
barium chloride into diazophenol chloride, which is identical with 
that obtained from paramidophenol (Weselaky and Schuler). 

Paradiaxo-anisol nitrate, CbH,(0CH3)Nj.N0j, is obtained when 
nitrogen trioside is passed through water containing nitrate of 
ftoisidine (methjlparaniidophenyl ether) in suspension. It forms 
colourless crystals which explode on percussion, and gradually 
decompose on boiling with water, more rapidly ou heating to 
140°, with formation of quinoU 

Diazonitropkenol anhydride, Cgil^(liiO^\ \N, Griesa ob- 

taiaed this compound by passing nitrogen trioxide through 
ati ethereal solution of paramido-orthonitrophenol. It is a 
brownish yellow, granular mass, which is slightly soluble iu 
but water, and explodes at 100° with extreme violence.* Its 
methyl ether, diazonitranisol. is only known as the nitrate, 
.CaHj(NOj)(OCHj)Ni.NOs, and may be obtained from nitrauisi- 
" le nitrate ; it crystallizes in small plates.^ 

Liasodinitrophenol anhydride, ^^^{tiO^^ ^N, was prc- 

spared by Giiess from amidodinitropbenol ; it crystallizes from 
,Blcohol in small plates, which explode violently on heating.* 

Diazo-amidmulranisol. C«Hs(NOj)C0CH,)N,.NH.CaH,(NO,) 
OCH,. Griess obtained this compound by passing nitrogen 
-trioxide through an alcoholic solution of nitranisidine. It 
forms yellow microscopic needles, insoluble in water, and only 
soluble in hot alcohol.' 

JHazonilrodikydrtXLyqidnoriA When amidonitrotetrahydroxy- 
benzene (p. 255) is made into a paste with dilute hydrochluiic 
acid, well cooled with ice, and a solution of sodium nitrite added 
drop by drop, nitric oxide is evolved and a clear solution is 
obtained, which after some time solidifies to a pulpy mass, con- 
asting of long, golden-yellow needles, having the composition 

' flalkowski, Ber. Dtuttek. Chnm. Oea. i 
' Atm. Ch^n. Pliann. piiii. 212. 
* Ann, Chrm. P/inria, cxiii. 205. 
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C^H^NaXfOf Thia compound is also obtained hj dissolving 
araidonitrotetrahvdroxjbeDzene in cold dilute nitric acid, aud 
partially neulx^zing the giilden-yellow solution with carbonaW 
of 8od». lU constituUon is espressed by ona of the followiug 
fonuulf : 

HO, .yo, ,0. ,N0, 

)C,0 / + H,0 or N< >C,0/ 

HO— \ = N^ '^OXa ^N^ ^OXa 

+ 2H,0. 

It is rt^adily soluble in water and is rt precipitated byaloohul. 
It can be recryBtaiUzeJ from water at 50', bat decomposes on 
b<«iling with a violent evolution of gas. Id the dry state it 
explodes with great violence. 

When potaRsium nitrite is used in its preparation, the li^u 
soluble potos^um salt is obtained, which is much more explosive, 
while the silver salt, obtaiueil in small yellow plates by pre- 
cipitating the sodium salt with silver nitrate, explodes by pres- 
sure or percussion with almost greater nolence tlian ^ver 
fulminate.' 



HYDRAZINE DERIVATIVES OF BENZENE. 

1069 These bodiea, as well as those of the fatty st-ries. were 
discovered and carefully examined by E. Fischer* The yellow 
diazobeuzene potassium sulphonatc, CjHjN:^zNSOjK, is 
formed, as already eiplained. by the action of a weak alkaline 
solution of potassium sulphite on diazobenzenc nitrate. This 
is converted by reducing agents into the wliite phenyl hydrazine 
potassium sulphonate, which is also obtained by acting on 
diazubenzene nitrate with an excess of acid potassium sulphite ; 

CdHjN^X.NO, + SSOjKH = CaHj-NH— NRSOjIC + 
SO.KH + NO(K + SOj. 

On boiling this salt with hydrochloric acid, phenvl hydrazine 
liydrnchloride is obtained : 

(;iI,.NH— NHSO^IC + HCl + H.O = 0„H,.NH— NH^HCl 
+ SO.KH. 



i 



Phenyl hydrazine is also obtained, together with aniline, when 
a:i aluoholic solution of diazo-amido benzene is treated with zinc 
dust and acetic acid : 

CaH3N,.NH.CoH5 + 4H = fgH,.N.H, + NH,.CoH3. 

rhenylhi/drazine, C^H^.'S^K^, may be readily prepared in the 
following manner: 20 parts of aniline aro dissolved in 50 
paita of hydrochloric acid of sp. gr. X"19, and HO parta of water; 
the calculated amount of sodiunt nitrite, dissolved in twice its 
iiuantity of water, is then added to the cold solution, which 
is slightly acidified with hydrochloric acid, and the mixture 
poured into an excess of an ice-cold solution of sodium sulphite ; 
the following reaction takes place : 
jt^^Np + 2S0aNaj + H,0 = CaH5.N,H..S03Na + SO^NaH. 

There is always a certain quantity of tho yellow diazobenzene- 
|lt formed, most of which is reduced by the sulphur dioxide 

Eolved ou neutralizing the solution with hj-dro chloric acid. 
-m solution is afterwards treated with acetic acid and 
c dust, to convert the remainder into the white salt. A third 
f its volume of concentrated hydrochloric acid is then added to 
hot filtrate ; phenyl hydrazine hydrochloride separates out 

I cooling, and a further quantity may be obtained, by concen- 
trating the mother-liquor. This is decomposed with caustic 
soda, when most of the phenylhydrazino is precipitaterl as an 
oil, that remaining in solution being extracted with ether. Tho 
crude phenylhydrazine is dried over fused potash and purified by 
fractional distillation ; the portion distilling between 225" — 235° 
ia sufficiently pure for the preparation of all its derivatives. 

Pheuylhydrazine may bo more readily prepared by the methotl 
of Meyer and Lecco : ^ 10 grms. of aniline are disholved in 200 
grma of concentrated hydrochloric acid, and to this solution, 
which is kept cool, a cold solution of 7o grms. of soriiura nitrite 
in 50 parts of water is gradually added, and then a solution of 
45 grms. of stannous chloride iii 45 grms. of concentrateil 
hydrochloric acid, the liquid forming a cryst-alline pulpy mass 
of pheuylhydrazine hydrochloride : 

C^H^Nz^Cl + 4HCl+2SnCU = C„H^.NH~NH3.HC1 + 2SnCI,. 

Phenylhydrazine is a colourless oily liquid having a faint aro- 
, jnatic odgur. It boils at 233°^234°, and solidifies at a low 

' E.-r. Deul^h. Ohem. Gra. xvL 2675. 
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temperature in tablets, melting at 23'. It is very reiulil 
oxidized, and absorbs oxygen from the air, becoming red t( 
dark brown ; it reduces Feliling's solution in the cold with 
evolution of nitrogen and separation of cuprous oxide, anilin* 
and benzene being formed, " This property can be employed 
as a delicate reaction for all primary hydrazines, and also, ia- 
directly, for the diazo -compounds ; in order to detect the latter 
in an aqueous solution, it is treated with acid potassium sulphitfr 
in excess, lieated to boiling, neutralized with caustic potash, ami 
tested with copper solution. The salts of the hydrazinesatw 
phonic acid, which are formed in the liquid from the dia«K 
compounds, without exception produce th« immediate 
precipitation of cuprous oxide ; if the presence of hydroiyfc' 
amine, which is reatUly formed by the reduction of ni^ur. 
acid, is to be feared, the alkaline solution must be boiled foe' 
some time in oi-der to destroy it " (Fischer). On adding mercurio 
oxide to an ethereal solution of phenylhydrazine, nitrogen ia 
evolved and aniline and benzene formed, as well as a considerable 
quantity of mercury diphenyl {CaHs)^Hg.' 

While ethyl hydrazine is a strong diacid base, phenylhydrazine 
only combines with one equivalent of an acid, and is conse- 
sequently a weaker base. This is easily explained, since 
phenylhydrazine stands in the same relation to ethylhydrazine 
as aniline to ethylamine. 

PkenylkydraziTie hydrochloride, CgHB.NsHj.HCl, which, as 
already described, is employed as a reagent, may be obtained 
perfectly pure by dissolving the base, freed from ammonia by 
distillation, in ten parts of alcohol, neutralizing with cimceti- 
trated hydrochloric acid, and washing the separated crystals 
with alcohol and ether until they are perfectly colourlesa, 
Phenylhydrazine hydrochloride crystallizes from hot water in 
small, thin, lustrous plates, which sublime on cautious heating ; 
it is almost completely precipitated from its aqueous solution 
by concentrated hydrochloric acid, by which means phenyl- 
hydrazine can be separated from aniline and several othtr 
amido-bases. It reduces the salts of silver, mercury, gold aiiJ 
platinum in the cold. 

Fhcnylkydrazinc mlphate. (CBHs.NjHa).HjSO,. forms small 
plate?, readily soluble in hot water, and slightly soluble in 
alcohol. 
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Phmylhydnuine atalaU, (C,Hj.NjHs);HjCjOj, crystallLzes 
from hot water in am.ill plates, whicli are slightly soluble lq 
cold water. 

Fhenylkydraziiu picraU, CeHj.N,Hs(0HjCaH/N0^1,. crys- 
taUizcs in flue yellow needles, slightly soluble in water, readily 
in alcohol, nnd deflagrates explosively on heating. 

1070 A't/rosqpAj-ByWiyrfnMinf.CgHjNCNOjNHj. is obtained by 
ailiUng sodium nitrite to a well-cooled dilute solution of phenyl- 
hydrazine hydrochloride; the yellow flocks which separate are 
dissolved in ether, and the compound is precipitated in small 
yellow plates by the addition of petroleum spirit. It is a very 
unstable body. The extremely poisonous action of ita vapour is 
remarkable, the action being similar to that of amyl nitrite, 
but more intense. If even a email quantity of the vapour 
be iuhaktl, determination of blood to the head, violent head- 
acbo.and nausea are produced. On warming with dilute caustic 
(lotash, it is completely converted into diazobenzene-iroide 
fp- 270). The latter compound is also obtained, together with 
n.niline, by mixing the a-iueous solutions uf diazobeuzene nitrate 
and phenylhydrazino bvdrochloriile. 

PkenyUtydraxinemilphonic add, C0H5.NH.NH.SOsH. is only 
known as tlie potassium salt, the formation of which has been 
already described ; it is also obtained, together with the hydra- 
zine sulphate, by heating the base with potassium diaulphato 
to 80°: 

4C„H5 N„H, + 2K^,0, = SCflH.-N^Hj-SO^K 
+'(CbHsNjHj),SO,Hj + K^SO.. 

It forms colourless scales, soluble with difliculty in cold water. 
By the action of mercuric oxide, or potassium dichromate, on its 
hot aqueous solution, it is oxidized to yellow diazobeuzene 
potassium sulphonate, CgHg.Nj.SOjK. 

The salts of phenylhydrazine in aqueous solution are con- 
verted by mercuric oxide into diazobeuzene saltA; aniline and 
diazobeuzene -imide being, however, simultaneously formed, as 
may be readily understood. 

Mcthijlpheiiylhydraziiie, CoHeN(CH,)NHi. is obtaineil by re- 
ilticing nitrosomethyl aniline in alcoholic solution with zinc-dust 
.nd acetic acid. 



,N0 
C„H.N<^ -I- 4H . 

\CH, 



("oH,N' 



,NH, 



-^ H.O. 



iBcnuTic couKimm 



b i» & BfBid. botEng «t 220' — 2H', and reduces Fehling's 
■atirtMM «■ -"—'"J. methylaailine and free nitrogen being 



I, C„H,,X,, is formed when metliyl- 
j ifcuM jI t j iAaiilii is dbaolnd ia chloroform and mercuric oxide 
^■■JmIIj aiUni. tike mixnie beiag kept cool : 

C-HJ€(CH,)— SH. C,H,N (CigN 

' +2SgO== || + 2Hg + 2HjO. 

The cnoipwiDi) cn^±aUues in small plates, slightly soluble in cnli) 
) Pthet, mdilv in rhUvuform, and melts at 133° with 
b «f ^K. It can be boiled with wator without undergoing 
;<n atldh^ hydrochloric arid to Ihealcohnlicsolu- 
s into mtjV)geD and methjianiline," 
dtae to its a:4titii>n in chloroform, dimethyl- 
iodide. C,4H„N,I,. is formed aa a hla^k 
t jKtdjitatt, vhidi deflagrates in the dry state spou- 
1 in carbon bisulphide and shaken 
vitk stlvvr-dnst ts ntomtited into the ori^nal compound. 

1071 Xt ifl p lt* %j f t k f iranMf aimpoiinds. On heating phenyl- 
tiydnuiite with ethyl bromide, a mixture of the hydrobromidefl 
of dift»RSt cthj^ated bues a obtained, as : 

tiigelher with rompoonds conlaiuing more ethvl groups, and 
JutiftjAfMflkytni^ium frrwaiW^ ILN-N.C,H"(GjHj>j-Br; 

On dissolving the product of the reaction in water, <lecom- 
posittg with canstic soda, and extracting with ether, the ethyt 
bases, together with the uuattacked phenyl hydrazine, go int» 
sohition. Od adding concentrated hydnM?hlonc acid, after the 
evaporation of the ether, the hydrazine liyiirochloride sepnrntes 
out. The solution ia then again maite alknline, tho bases ex- 
tracted with ether, and the liquid treated with mercuric oxide; 
tlie asymmetric ethylpheiiylhvdraziue is thus converted into 
the non-volatile tetmznne. and the s^-mmetric compound into 
the voUtile azophenylethyl, C^H^N—NC^Hj. which wiU ha 
subsequently described. 

Sjfmmeirie dhylphenylkydrazine or llydrnzofihtnylrthijl may 

Iw obtained in tlie pure state by tlio action of sodium amalgam 

' Kiaclirr «iiil Etirl<ar.|, Ltcbig't Ar .. cxca. ilS. 
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on an alcoholic solution of azophenylethyL It is an oily liquid, 
which can be distilled without decomposition. It reduces 
Fehling's solution in the cold, and is oxidized by the oxygen of 
the air. By the continued action of acetic acid and zinc dust 
it is gradually split up into aniline and ethylamine. 

Asymmetric eihylphenylhydrazine may be prepared pure by 
the action of zinc-dust and acetic acid on nitroso-ethylaniline. 
It is an oily liquid, which can be boiled without decomposition, 
and reduces Fehling s solution on warming. It combines with 
ethyl bromide to form drethylphenylhydrazonium bromide, which 
is readily soluble in water but is precipitated by concen- 
trated caustic soda. It forms rhombic crystals, and is con- 
verted by moist silver oxide into the strongly alkaline hydroxide 
NH,-N(C,H^(C^,),OH. 

On adding zinc-dust and hydrochloric acid to a warm aqueous 
solution of the bromide it is decomposed into diethylaniline, 
ammonia, and hydrobromic acid : ^ 

C«H,-^N< + 211 = C^Hj >N + NHj + HBr. 

C^/ \Br C,H / 

Diethyldiphenyltetrazone, ^N m N.N zn N^ , crvs- 

tallizes from alcohol in monoclinic prisms, which melt at 108° 
with evolution of gas. 

I>iphenylhydrazine, (CgHJ^jN ~ NHg, is obtained by reducing 
nitrosodiphenylamine with acetic acid and zinc-dust. It is a 
yellow oily liquid, which on distillation partially decomposes 
into diphenylamine, ammonia, and resinous products. It is 
almost insoluble in water, and for this reason scarcely acts on 
Fehling's solution even on boiling. On the other hand it is 
readily oxidized by mercuric oxide, ferric chloride, &c., free 
nitrogen, diphenylamine, and a bluish violet colouring matter 
which contains nitrogen, being obtained, especially if the mix- 
ture be not cooled. When, however, it is shaken with a very 
dilute neutral and well-cooled solution of ferric chloride, the 
following compound is obtained as chief product, together with 
the above : 

Tetraphenyltetrazone, (CgHJjN m N.N zz: N(CaH5)2, separates 

* Fischer, Bcr, DctUach, Chcm. Gcs, xvii, 2841. 
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from carbon diaulphide in colourless crystals, melting at 123' 
witliout decomposition. 

Metam.idcp1i€nyni.ydraxine. HjN.C^H^.NH.NHy When the 
diazochloride obtained from phenylene-oxamic acid (p. 271) is 
treated with a eolution of stannous chloride in hydiochloric acid, 
the following reaction occurs : 



r./ 



NH,C.O..OH 



+ 3HC1 + 2SnCl, = C^H,' 
+ 2SnCl.. 



/NRCjO^OH 
^NH— NH, 



The new acid separates out in white crystalline grains, which 
are almost insoluble in alcohol, ether, and boiling water. 
boiling it with strong hydrochloric acid, amidophenylhydrazino 
hydrochloride is obtained : 



t;«H, 



/NH.C,OrOH 



h 0,0,(0HJ,, 



NH, 



/ 

\nh.nh. 



On adding strong caustic potash to the solution and conceiitr&^ 
titigon tlie water batli, the base separates out At the ordinary 
temperature it forms a vamisb-like mass, converted on warmingf 
into an oil, which is almost odourless and has a very bitt 
taato. It is slightly soluble in water, readily in alcobnl and 
ctlicr, and is very easily oxidizable, reducing Felding's solution 
immediately with evolution of gas. 

Its salts crystallize well; the hydrochloride is precipitated 
by hydrochloric acid from a concentrated eolution in sin 
pointed plates. Gold chloride and platinum chloride > 
immediately reduced by it.' 

Dicyaiijjhenylhydrazine, CgHgNj, This substance, togetba 
with the isomeric dicyanorthodiami do-benzene (p. 239), f 
obtained by passing cyanogen througli an aqueous solution < 
phenylhydrazine. It is scarcely soluble in cold water, readily 
in dilute hydrochloric acid and alcohol, and melts above 160' 
with decomposition (E. Fischer). On heating with acetic anhy- 
dride, the compound Ci^HflN, is obtained ; it is very slightly 
soluble in water, and crystallizes from alcohol in hard prisms; 
its fLirmation is explained by the following equation : 

' (IriHS-", Bir. Dcutteh. Vhcni. C't. xviii. Hi. 



ACCTTLPHENTLHyDHAZIDE. 



I 
N— NH, 

I 
C=NH 

I 
CN 



,CO.CH, N— N. 



^CO.CH, 



CN 



)C.CH»+HO.CO.CH, 



hH,0. 



Its constitution is deduced from the fact that on heating with 
Alcoholic piitaah it ia converted into tlie acid CoH5N3(C,Hj) 
C.COjH, which is slightly soluble in cold, readily in hot water 
and alcohol, and is converted on heating into the basic compound 
CoHjN3(CjH3)CH with evolution of carbon dioxide ; the latter 
is a yellowish oily liquid, possessing a peculicir aromatic odour, 
and boiling at 240°.^ 



ACID DERIVATIVES OF PHENYLHYDRAZINE 
OR PHENYLHYDRAZIDES. 

107a Thp hydrogen in pi lonyl hydrazine can lie repljiced by acid 
radicals, just as in ammonia, the amines, and the amido-bases. 
Fhenylhydraziue also combines directly with carbon dioxide and 
carbon disulphide, forming compounds analogous to ammonium 
carbamate, &c 

Arrlyl2>htnylhydmzide, Q.^^:^^j:!.^fi, is readily formed 
by the action of acetic anhydride on phenyl hydrazine, as well as 
by boiling the latter with glacial acetic acid. It crystallizes 
from hot water in hexagonal prisms or tablets having a silky 
lustre, and melting at 128''5. On dissolving it in chloroform 
and adding mercuric oxide, it is oxidized to an oily liquid, which 
has a [lenetrating odour, and is probably accty!diazobeuzene 
CoH,N = NC^HaO.' 

OxiilyldipkenyhlihydrazuU, (CgH(.NjH,)jO,0(, is obtained by 
heating phenylhydrazine with ethyl oxalate ; it forms a foliated 
crystalline mass, melting at 277° — 278°, and distilling at a higher 
temperature almost undecom posed, 

NH.NH.C„H, 

Pkenyihydrazive phenylcarhazide, CO^ may be 

^O.NjH,.CgH,. 
obtained by passing carbon dioxide through a well-cooled emul- 
sion of 1 part of phenylhydrazine with 10 parts of wal«r. It 



ABOMATIC COUPOryD& 

form & fine, eof) cTystalUne in&ss, whicb delit^uescea in the bu. 
grrit^ off cartioa dioxide. 

ntm^^nmiatriazult, C^H^.NH-NttCO.NH^ Tliis com- 
pcKUtr) ttreft is f»nuf^ oa mixing solutions of jXftassium cyanatc 
■ltd pbeOTlbnirazine hydrucUuride ; it crystallizes from hot 
water in wbit« plates, meltiug at 170". 

Rkflpkemyl»rmifarlaziiU. C^j.SR-NH.CO.NHtC,HJ, is 
obuiocil \>j the direct combination of ethyl isocyanate with 
{jbenylhTdraziDe, xaA crystallizes from hot, dilute alcohol in 
inutspaivnt. munocliiiic taUets, melting at 151°. Its aqueona 
solatKiti givos » bluish-black colouration and a precipitate of 
the same colour with Fehling's solution, the reaction being ^'ety 
delicate. This colour is rapidly converted iuto yellow in a closed 
vessel, but on shaking the liquid in the air it reappears. On 
gently vanuiag. complete decomposition takes place with 
separation of cu{irous oxide. Nitrous acid converts it into 
nittxisx^enyletfaylsemicarbazide, the fine yellow needles of 
which decompose on boiling with alkalis into carbon dioxide, 
diaxobenxeuc-imide and cthylaminc : ' 

NO N- 

-NH.NH.CaHs 
Phmylhydrazine pkengftkioairhasitU CS^ 

is fomieil by the addition of carbon disulphiile to an ethereal 
solution of phenylbydrazine, and crystallizes in hexagonal tab- 
lets or prisms, melting at 96° — 97°. On dissolving it in weak 
caustic potash and adding dilute sulphuric acid, phenylthio- 
carbazic acid, CgH5.NjHj.CS.SH. separates out in lustrous 
plates, which decompose on heating, forming carbon disulphide, 
sulphuretted hydrogen, ammonin, and the following compound. 
Dipkniyllkwarhadih. (CoH5.N,Hj},CS, crj-stallizes from hot 
alcohol in hard, colourless, three-sided prisms, which form a 
dark red solution in warm caustic potash. On the addition of 
an acid, blue-black flocks separate out, which are converted by 
precipitation with alcohol from solution in warm chloroform into 
blue-black microscopic needles, which seem to be isomeric with 
diphenylthiocarbazide. Its solution, which has a slight alkaline 
reaction, dyes wool and silk red; the solution of the colouring 

' Fiat'her, Litti/n Ann. oc. 108. 
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uiat.t^r in chloroform is distinguished by its fiae dichroism. The 
colour, wliich is dark red when seen in thick layers, is converted 
on dilution into a vivid green, which is bo int«iise that the 
formation of this body, together with the copper test, can be 
employed as a delicate reaction for phenylhydrazine. 

i^tpA«ny/Mt(Mrinif(tr;«a!irfr,OgHs,N(H..CS.NH(CoHj), is formed 
when alcoholic solutions of phenyl mustard oil and phenylhydra- 
nno are mixed ; it crystallizus from hot alcohol iu prisms, melting 

«t i7r. 



COMPOUNDS OF PHENYLHYDRAZINE WITH 
ALDEHYDES AND KETONES. 

1073 These com[K>unds are readily f.^nned with elimination 
of water accortliug to the following equations : 

F. til i<kn cphen y 1 by dniii n". 

Cjr,.N,H, + CHO.CH, = CbH,.N,H = CH.CH, + ILO. 

PropiJenophpnylhj-d mii ne. 

(:;„Hs.N,H3 + COCCH3), = C,Hj.NjH=C(CHa)» + Up. 

On heating with hydrochloric acid, the original substances are 
again formed. The hydrazine compounds of the aldehydes and 
ketones of the fatty series are oily liquids ; other aldehydes and 
ketones, on the contrary, form crystalline compounds, which are so 
characteristic that phenylhydrazine can be employed for detecting 
i-ven small quantities of them.^ 

The combination of the bodies is usually best brought about 
ill an acetic acid S'llution ; the reagent, which ought always to 
lie fie.ilily preparefl, is obtained by dissolving 1 part of pure 
phenylhydrazine hydrochloride and 15 parts of crystallized 
sodium acetate in 10 parts of water. An excess of this is 
:idde<l to tlie aqueous solution to be tested for an alfiehyde 
IT keti)no; if any be present, the condensation-product soon 
separates out as an oily or crystalline precipitate. Free mineral 
ncids. which hinder or retard the reaction, are neutralized by a 
previous addition of sodium carbonate. Special care must be 
t^ken that no nitrous acid is present, because this gives rise to 
diaiobenzene-imtde or other products ; it can be readily removed, 
however, by warming wilh urea. 

' Fiaclier, Ber. DriiUeli. Chnn. fir*. XvLi. 6:2. 



Tke aydk/do- nod ketutuc adds likewise Ibrm very chanc- 
liiiilii compdotuli with pbenjthjdisziDe. 

JUdomtfktn>ilkylntzia* or PropidemrjAemylXjfdnaitu, C^y 
K,H=C(CH^j. is Ml oily hqaH wtucfa boila at 165' under a 
pifiJii of 91 nun. On addin* radium nitrile to its eolation 
in dilate snlphoric acid, it dtxaapoeea inta diazolienzene-iinide 



q,H,N,HzrGi:CH^\, + XO.OH = Cfi^y, + CO(CH^, + H,0. 

CbwKOo/jKUnyayrfnmw. C^^'^ = CRC^I,^ is a yellov- 
Uk oiLbotliBg at iW and«r a {u^ssare of 77 miu. (Reiseiiegger). 

ahwMt intolohle in wat^n-. verv dilute adds and alkalis. It ctyatal- 
Uxes from abwbol in utudi pUtes melting at 109° to 170°. By 
means of tliis cimipound tlie sauill«st quantity of the vety 
solubfe and non-volatile glyosal can be readily detected, 

FhfnylhifdraHruyli/aryliearid, C^'S^H ==CH.CO^. crystal- 
lises from hot water in fine, yellow needles, which are coloured 
brown at 130°, and decomposed at 137° with evolution of gas. 
It is readily soluble in alkalis, from solution in which it is pre- 
cipitated by acids, and by this means it can be separated from the 
hydrazine compouods of the aldehydes and ketones, as well as 
from the scarcely soluble phenylhydrazine oxalate. 

PltmythydTOiidaetlU acid. C,Hj.NtHrCHj.CO,H. is obtained 
by the action of sodium amalgam aad water on the preceding 
compound, and crystallizes from hot alcohol in splendid plates 
haviog a silver lustre and melting at 157° with decomposition. 
Ammoniacal copper solution * reconverts it into pben^-lhydrazine 
glyoxylic aciil, 

PhemjIkydrnziM maoxalU acid, C,Hj.NjHrrC(CO,H),, cry- 
fltalliaes in 6nc, yellow needles melting between 158° — 164", 
and decomposing almost completely at a higher temperature 
(Elbers). 

PKenijlhydraziw pyroracemxc acid, CoHi,N,H=C(CHg)CO,H. 
Phenylhydrazino and pyroracemic acid combine with such vio- 
lence tlmt comi)U;to decomposition of the products ensues. To 
obtain the compound, the solutiuns must be diluted with ether 
and grndunlly mixed iu the cold. 

I'henylhyilrazinc pyroracemic acid crystallizes from boiling 
alcohol in hard, liglit yellow, lustrous needles, which melt at 




I 



I 



169° with evulution of gas, and decompose at a higher tempera- 
ture into carbon dioxide and ethidene plienylhydrazine. While 
the ketone phenylhydrazines are readily decomposed on heating 
with acids, phcoylhydrazine pyroracemic acid can be boiled with 
dilute hydrochloric or sulphuric acids without undergoing any 
change. On heating it with alcoholic sulphuric acid, the ethyl 
ether, CoHs.N%Hz=0(C'Hj)COg.CjH5. is obtained melting at 
114.°— n.v. 

Phenylhydrazine glyoxylic acid behaves in a similar manner 
towards acids, while the analogous phenylhydrazine laevulinic 
acid, CgH5NsH:^CCCH;^CHj.CHrC0,H, ia readily decomposed 
by them. 

The formation of phenylhydrazine pyroracemic acid takes place 
so readily in af|ueoiis, acetic acid, and weak hydrochloric acid solu- 
tions, that by this reaction pyroracemic acid can be readily detected 
in very dilute solutions, and in solutions containing other bodies. 
The test is best applied in a weak hydrochloric acid solution ; 
after a short time a voluminous crystalline precipitate is pro- 
duced, which is filtered off and recrystallized from hot water oi 
alcohol ; it is then only necessary to dry the substance and de- 
termine the melting-point, in onier to detect pyroracemic acid 
very rapidly and with great certainty. 

Fhenylhifdrmidopropimk acM, C^^:^^^.C}l(S:n^C<}^, is 
obtained, together with aniline, by the action of sodium amalgam 
and water on the preceding compound; it crystallizes from 
.Ixiiling alcohol in very fine white needles, which melt with 
evolution of gas at 152° — 153°. Ammoniacal copper solution 
reconverla it into phenylhydrazine pyroracemic acid.' 

J%mi//Ai/(/ra,i>MaMto-ace(!racw^.CaH5.NgH=C(CHj)CH,.C0jH. 
is not known in the free state ; its ethyl ether is readily formed 
when phenylhydrazine ia treated with aceto-acetic ether; its 
exact description has not yet been given. On beating it to 100°, 
alcohol is eliminated and oxymethylquinizine, C,(pHjgNjO, formed ; 
thiA is prepared on the large scale and employed in the manu- 
facture of oxydimethylquinizine. or nntipyrine, CjoHgNj(CH3)0. 
The latter, which is obtained by the action of methyl iodide, is 
frequently used in place of quinine on account of its powerful 
jaitipyretic action, These compounds belong to the (piiuoline 
group, and will be subsequently described. 

Fiir/urjihtnylhyiirazinf, CuHj.NjH^CH.CjH^O, separates out 

ftt first as a yellowish oil, which soon solidifies to a erystalliue 

' TiK-hfT and Jranhi., «<t, [tfuUtli. CIvm. fri. «vi. 2241. 
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On ilissulving it in «tber and adding petroleum sjnrit, 

aaaii yellowish pUtea are obtained, melting at 97°^ — ^98°. B/ 
means of this reucciou 1 part of furfurol can be detected ia. 
10,000 parts of waler; by dissol^-iu^ it ia l.OOD ports of water 
and bringing a drop of the solution under the microscope to- 
gether with a drop of the above-mentioned reagent, a turbidity 
it immediately obtained, followed by the formation of the 
characteristically groupe<l plates. 

The aromatic aldehydes and kett-nea behave like f.irfurot; 
their phenylhydrazine compounds will be described under tlieiii 
riiipective headings. 

Phenylhydrazine also forma compounds with those sugars 
which reduce alkaline copper solutioa and are either aldehydi 
or ketones (Vol. III. Pt. II., p. 495). The reaction does no^ 
however, proceed so simply as with the ordinary aldehydes and 
ketnnes.' 

Phenyl ijlutosiizone, C,j|HjjN,0,, is formed when dextrose 
warme'i on the water-bath with the hydrazine solution ; it forms 
tine, yellow needles, abnost insoluble in water, but readily soluble 
ill bulling alcohol. They fuse at 204° — 205°, forming a dark- 
red litjuid, a small quantity of gas being evolved. The com- 
pound is formed according to the following equation : 

C;,H„0(, -I- aNjCaHg = C|,H^N,0, + 2H,0 + Hj. 

No free hydrogen is, howevLT, evolved, a simultaneous reduc- 
tion probably taking place, and the yield is, therefore, far beloir 
the theoretical, being equal in the most favourable case to tliQ 
quantity of dextrose employed. 

The same coiii])ound is obtained from laevulose and therefore' 
fnitn invert-sugar, aa well as, more slowly, from cane-sugar, which 
is inverted by the hydrazine solution. 

rhtnylgaladcmzonc, OuH^N^O^. is prepareil from galactose, 
and is very similar to the pieceding compound, but molts 
182* without any evolution of gas. 

Phenyl-taetosazonf, Cj^H^jN^O^ While cane-sugar only reacts 
with phenyl hydrazine after inversion, milk-sugar does so directly. 
The compound obtained is tolerably soluble in hot water and 
crystallizes in yellow needles, melting at 200° with decom- 
position. 

' E. Fiachsr, Brr. DciUteh. Chtm. Gef. Ivji. 670. 



J'/ienylniaHosazcne, C«^\i^^'M^Og, is obtained from maltose, and 
crystallizes from liot water ia fine, yellow ueedles. melting at 
190°— 10 1". 

Sorbin also forms a hydrazine compound, wliila iuoaitc and 
treLalose do uot. 



COMPOUNDS OF PHENYLHYDRAZINE WITH 
THE CYANHYDRINS.' 
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1074 Phenj'lhydrazine not only forms compounds with alde- 
hydes and ketones, I»ut abo with the cyanhydrins, or uilrils of the 
lactic acid group, which ara obtained by the combination of the 
former with hydrocyanic acid. 

a-Pkcnylkydrazid&propimiUril, Conj.NjHj,CH((:;Hj)CN. is 
formed by the continued heating of etliideno cyanhydriii 
(lactonitril) with phenylhyilrazine to 100°, It separates from 
hot petroleum spirit in colourless crystals, which are scarcely 
soluble in water, but dissolve readily in alcohol, aud raelt at 
58". On heating with alkalis or dilute acids it is split up into 
hydrocyanic acid and ethideue phenyl hydrazine. Cold concen- 
trated liydrochloric acid converts it into 

a-Phtnylli!/(im:oproi>ionamide. CgH^ NjHj.CH(CHj)CO,NH,, 
■which forms hard, readily soluble crystals, melting at 124°, On 
boiling with caustic soila it forms a-phenylhydrazido propionic 
Mid, C,H5,N,H2,CH(CH3)CO,H, which ia alightly soluble in cold 
water, readily in alcohol, and crystallizes from hot dilute alcohol 
in lustrous white needles, melting at l!l7°. If the solution of 
the nitril in absolute alcohol be saturated with hydrochloric 
ncid, the ethyl ether, CbHs.N,H^CH(CHj)CO,,C,Hs. is obtained 
in crystals, readily soluble in alcohol, and melting at 1 IG°. When 
the aciil is boiled with tin and hydrochloric acid it splits up into 
ammonia and a-anilidopropiouic acid, thus indicating its con- 
stitution, which is expressed by the first of the following 
formula*, while the second probably represents that of the phenyl- 
liydrazidopmpionic acid obtained from pyroracemic acid ; 



0,H,, 



■\n 



n,N/ 



.,/ 



,CH, 



C',H,.NH— NH. 



^1 



.CH, 
COjH. 



AROMATIC COMPOUNDS. 

a-Pkmy!h.ydrasido-isobvXyronUril, CaH6.NjIL.C(CHs)jCN, 
formefl when the acetone cyanhydrin obtained by the action 
nascent hydrocyanic acid on acetone dissolved in ether, U heated 
with phenylhydi-aKine. It is insoluble in water and crystalli; 
from petroleum spirit in needles melting at 70°. Cold conceit 
trated hydrochloric acid has no action on this compound ; wh( 
it is carefully dissolved in sulphuric acid and gently warmed, 
yields the anhydride of a-phenylliydrazidobutyric acid, whicl 
forms white crystals, melting at 175°, readily soluble in ocida a 
gradually in boiling caustic soda. On the addition of acids 
the alkaline solution, the anhydride again separates out; it I 
the following constitution : 

,CHj, 
aH..N— C< 

' I ^CH, 
-00. 



HN- 



AZO-DERIVATIVES OF BENZENE. 

1075 Azophenyleihyl, CflHg.Nj.CjHj, is formed, as alreadi 
mentioned, by the oxidation of the symraetric ethylphenyj 
hydrazine (p. 278), and is a yellow oil which has a pierciq 
odour, volatilizes with steam, and distils at 175° — 185° wil' 
slight decomposition. 

Axfypl^nylnUro-ethyU CflHj.N,,, 0^11,(^0^, is formed by tJ 
action of sodium nitro-ethane on diazobenzene nitrate' and 
crystallizes from hot alcohol in small rectangular plates meltii^ 
at 136° — 137° with decomposition. If it be triturated witll 
alcoholic potash, the potassium salt, CgHjN,0gK„ -f 4HjO, is ol 
tained ; it crystallizes in small orange-coloured plates and : 
decomposed by hydrochloric acid with re-formation of azophenyl- 
uitro-etbyl. 

Azophenylnitro-^Topyl, CalT5.N,.CH(N0j)CHj.CH,, has bees 
obtained from potassium nitropropane and diazobenzene iutrata| 
it crystallizes in broad, deep orange-coloured needles, readilj 
soluble in alkalis.* 

Azophfuylnitro-iaopropijl, CaH5.Nj.CfN0j)(CHg),. is obtuneJ 
in a similar manner from nitro-isopropane, and is a non-volatil^ 
golden-yellow oil, which is insoluble in alkalis, and forme e 
metallic compounds.^ The constitutions of azophenylnitro-eUij 
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and of the isopropyl-coinpound are expressed by the following 
formulae : 

CHyCH— NzzN.CgHs. CHj. 

NO, CH/ ' 



NO,. 

The fact that the latter forms no metallic compounds is readily 
explicable (Vol. III., Part I., p. 188), while the behaviour of the 
former as a dibasic acid is very singular. Several salts have 
been prepared, all containing two equivalents of a metal. They 
are probably, to be looked upon as basic salts, the formula of the 
potassium compound being C8HgN302K + KOH + SHfi. It 
is, however, remarkable that the normal salts have not been 
obtained. 

Azohenzene aceto-aceiic add, CgH5.N2.CH(CO.CH3)C02H. The 
ethyl ether of this compound is formed by the action of diazo- 
benzene nitrate on a solution of aceto-acetic acid in caustic 
potAsh.i In order to prepare it, sodium is dissolved in alcohol, 
the necessary amount of aceto-acetic ether added, and the 
cooled mixture treated with an aqueous solution of diazobenzene 
chloride : - 

CH« CH, 

I I 

CO CO 

I + ClN=NCeH, = I 

CH.Na CHNrzNCgHj + NaCl. 

I I 

CO2.C2H5 CO2.C2H5. 

The ether is very readily saponified by warming with alkalis. 
The addition of hydrochloric acid to the solution separates the 
free acid, which crystallizes from alcohol in small, golden - 
yellow plates, melting at 154° — 155°. The potassium salt, 
C^qHj^NjOjK, forms small, light-yellow plates with a satin 
lustre. 

Azohemene aceto^cetic ether, CqH5.N2.CH(CO.CH3)C02C2H5, 
crystallizes from alcohol in hard, lustrous, honey-yellow prisms, 
melting at 75° (Richter and Miinzer). 

Azohenzene dimethylketone, CgHg.N2.CH2.CO.CH3, is formed by 
warming the ether with alcoholic soda, as well as by heating the 

' Ber. Deutsck. Chem, Qes, x. 2075 ; Ziiblin, ibid, xi. 1417. 
' Richter and Miinzer, ibid, xvii. 1926. 

VOL. III. — PART III. U 



890 AROMATIC OOKPOdNDS. 

free acid to 17S° — 180°. It crystallizes from warm alcohol i 
lustrous, leather-yellow prisms, and from hot water in fine, light 
yellow neetllea, which mtdt at 148' — liD", and have a peculia 
odour rendered specially noticeable on warming. 

NUro-azoleiizene acfto-acetic acid. CflH^(NOj).Nj.CH.fGO.CH, 
COjH. The ethyl ether ia obtained hy adding a dilute solutioi 
of sodium nitrite to a well-cooled solution of orthonitraiiiline u 
hydrochloric acid, allowing the mixture to stand for a consider 
able time and then adding an alkaline solution of aceto-acetii 
ether. It crystallizes from alcohol in splendid golden-lustroa 
plates, melting at 92° — 93°. On heating it with caustic potaa 
the potassium salt is formed ; this is decomposed by hydro 
chloric acid with formation of the free acid, which crystallis 
from hot alcohol in small, yellowiah-brown plates resemblin] 
mosaic gold, and forms yellow salts. 

On heating with ammonia and ferrous sulphate, it is converts 
mtoamvlo-amlcTi^cne ried<hoaticacvl,GgB.^(Nn^^ fiH.(CO.CB^ 
COjH, crystallizing from acetic acid in small, orange-red tablete 
with a satin lustre, which melt at 157°, with evolutioi 
and partial blackening, and are changed hy continued heatioj 
at 100° into a black syrupy mass. 

Nitro-azohemcne dimefhylketone, C(,H/NO^,Nj.CH,.CO.C^ 
is obtained hy treating the ethyl ether with warm caustic sodi 
or by heating the acid. It ia beat prepared by passing nite 
fumes into a solution of orthonitraniline, dissolving the whi 
needles of orthonitrodiazobenzenc nitrate thus obtained in w 
and adding an alkaline solution of aceto-acetic ether witJloob 
cooluig. The product is freed from the nitro-azobensene a 
acetic ether, which is formed, hy alcoholic potash, and the ketm 
is recrystallizcd from hot water or alcohol It orystallixes i 
long, sulphur-yellow needles with a silky lustre, which melt 1 
123°— 121V 

1076 Azoberi^ene, CaHjN^J^'CoHs. Mitacherlich obtained tl 
compound by distilling nitrobenzene with alcoholic potash, a 
named it nitrogen benzide.* Zinin then showed that the fii 
product of this reaction is azohydroxy benzene, CisHi^NjO, wlik 
decomposes on distillation with formation of azobenzene, 8 
and other products.* Azoheuzene is also formed, together « 
combustible gases, aniline, etc., by heating nitrobenzene « 

' nsmbfrcer, Ber. nniinrh. Chem. Cfi. xvii. S<15. 
' Fong. jtiiH. iixiL 221. 
• Joiim. Prait. Vlu-m. i 



AZOBENZENE. 291 



aniline/ or by treating it with acetic acid and an excess of iroii.^ 
Alexejew has not been able to obtain it by this last method.^ 
According to him and Werigo,* azobenzene is readily obtained 
by acting upon an alcoholic solution of nitrobenzene with sodium 
amalgam, or with zinc dust and caustic soda : ^ 



CeH5.NO, C,H,.N 

+ 8H = 11+ 4Hi,0. 

C,H,.NO, C,H,.N 

It is also formed when nitrosobenzene is heated with aniline 
nitrate : ® 

CeH,.NH, + C,Hs.NO = CeH^NrzNC.H, + H,0. 

It may also be obtained by the oxidation of aniline hydro- 
chloride with potassium permanganate (Glaser)/ ammonia and 
oxalic acid being also formed if the oxidation be carried on 
in an alkaline solution.^ 

Schmidt has obtained it by the action of bleaching powder on 
a solution of aniline in chloroform.® 

In order to prepare it, caustic soda and zinc dust are added 
to an alcoholic solution of nitrobenzene, and, when the reaction 
is over, nitrogen trioxide passed in to oxidize the hydrazoben- 
zene, CijHjoNg, which is always formed (Alexejew). Azoben- 
zene crystallizes from alcohol or petroleum spirit in yellowish- 
red plates which melt at 68° and have a faint odour of roses. 
It boils at 293°, and its vapour has a sp. gr. of 6*5.^^ On the 
spontaneous evaporation of its solution in benzene, the com- 
pound CigHj^Ng + C^Hg separates out in long, thick, yellowish- 
red prisms, which effloresce in the air.^^ If hydrochloric 
acid gas be passed into a solution of azobenzene in carbon 
disulphide, a yellow crystalline compound, (Ci2Hi^N2)23HCl, is 
formed; the analogous hydrobromic acid compound is a car- 
mine-red crystalline mass. Bromine, gradually added to a sohi- 
tion of azobenzene in chloroform, forms the addition product 

' Merz and Coray, Ber. DetUsch. Chem. Gcs. iv. 981. 
' Noble, Ann. Chem. Pharm. xcviii. 253. 
» Ball. Soc. Chim. [2], i. 234. 

* Ann. Chcin. Phann. cxxxv. 176. 
» Alexejew, Beilst, Org. Chim. 971. 

* I^yer, Ber. DtnUach. C/wm. Oes. vii. 1638. 
' Ann. Chcm. Pharm. cxlii. 865. 

* Hoogewerff and Derp, Ber. DexUseh. Chan. Oen. x. 19C6. 
» Jmtm. Prakt. Chrm. [2 J, xviiL 196. 

'• Hofmann, Ann. Chetn. Pharm. cxiv. 362. 
" Schmidt, Per. DeiUseh. Chcm. Gcs. v. 1106. 

u 2 



SOB 



AEOMATIC COMPOUNDS. 



CijHioNjBrg, which separates out in large dark-red (ni 
All these compounds decompose in the air, leaving a re^due nl 
Rzobenzene,^ 

1077 Substitution-prodiicls of azobenzene. These are e 
formed hy direct substitution, or by the oxidation of the C 
spending hydrazo-coinpounils. 



Metadichlorazo- 

henzene,* 
Farad ichlorazo- 

benzene," 
Metadibroniazo- 

benzene,* 
Paradibromazo- 

benzene,* 
Metadi-iodazo- 

benzene,' 
Farad i-iodazo- 



( orange-red needles 

CijHgCUNj-J yellowneedleswith 

I a silky lustre . 



Melting-poiBti 



-Ci.H.Br.Ng 



C,,HgI„N, 



] hair-like needles . 
) laryeyellowiiee<iIea 



orange-red needles 
red scales .... 



Mononitro-foobenzenc, CjjHg(N0j)N2, is obtained by treating 
azobenzene with fuming nitric acid.* It crystallizes from alcohol 
in small yellow needles, melting at 137°. It is reduced hy 
ammonium sulphide to amido-azobenzene, but ia split up by 
the continued action of tin and hydrochloric acid into aniliiH 
and paradiamidobenzene.^ 

Paradinitro-azohcnzent, CjjHgfNOJjN,, is formed by th* 
action of warm nitric acid, and can readily be separated fiwu 
the preceding compound, since it is almost insoluble in culil 
acetone. It crystallizes from glacial acetic acid in fine orangi- 
red needles, melting at 2(}6^ and is slightly soluble in alcobi" 
and ether. Amnionium sulphide reduces it in the cold i^- 
dinitrohydrazobenzene, on warming to diamidohydrazobeiiKCn''. 
while it is split up by the continued action of tin and hydr*- 
chloric acid into two molecules of paradiainidobenzene, 

Metadinitro-aiohenzcTie is a red oil, which is formed t^igetli''' 
with the para-compound, and was not further Investigated t'' 
Gerhardt and Laurent. It dissolves readily in alcohol, ctliti 

' WcrigOi Ann. Cktm. Phnrm. c\xv. IHO. 

" Linbenheiini-r. Bcr. DcuUeh. Chrm. Qo. viii. 1625. 

' Heumanii, ibid. t. 913. 

* Oabriel, ibid. in. 1407. 

* Werigo, -^iin. Chan, i'hirm. exxxv. 178, 

* LBEirciit ud Girhardt, ifriVf. Ixxv. 73. 
' Jannvsky and Erb, Ber. Druiich. Chcm. Gen. xviii, H; 
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and acetone, and solidifies, after standing for some weeks at ly^ 
to an orange-red ciystalline magma. On heating with tin and 
hydrochloric acid it splits up into two molecules of meta- 
diamidohenzene (Janovsky and Erb). 

a'TrinUrthozahenzene, C^j^C^O^)^^ is obtained by the 
action of cold, fuming nitric acid on paradinitro-azobenzene. It 
crystallizes firom acetone in chamois-coloured needles with a 
silky lustre, and firom alcohol in long, sulphur-yellow needles, 
fusing at 169" to a red liquid, which detonates violently on 
further heating. 

fi'Trinittxhiusdbensene is formed by the action of the warm 
acid, and forms ciystals with a silky lustre, less soljable in 
alcohol than the a-compound, and melting at 180^ 

7- TrinUro-azobenzene, CJi^.lf^Gfi^(lHO^^ Fischer obtainoii 
this compound by the action of yellow mercuric oxide on a 
warm alcoholic solution of trinitrohydrazobenzene. It crystal- 
lizes in fine, dark-red prisms, melting at 142^.' 

Azobenzeneniirolie acid, C^Hj^jO, is formed by adding 
aqueous ammonium sulphide to a hot alcoholic solution of 
nitro-azobenzene, until the colour becomes olive-brown and a 
permanent precipitate is formed. The compound separates out 
on cooling in yellow flocks, crystallizing from alcohol in small, 
brownish-red needles. It forms a deep blue solution in cold 
alcoholic potash, and in warm caustic potash solution, and is 
reprecipitated by carbon dioxide. An alcoholic solution of 
potassium ferricyanide oxidizes it again to nitro-azobenzene. 

IfUro-azobenzenmUrolic acid, C^jH^CNO^NjiO, is obtained in a 
similar mannner to the preceding compound, paradinitro-azo- 
benzene being employed, and crystallizes from acetone in lus- 
trous, amber-coloured, monoclinic prisms, which have a blue 
fluorescence, and melt at 218^ It readily dissolves in aqueous 
alkalis and baryta water, forming splendid blue solutions. 

Meiadinitro-azobcTizene gives an oily nitrolic acid, which also 
dissolves in alkalis with a blue colour. 

Janovsky and Erb consider that the following formulcn 
express the constitutions of these acids : 

C«H5.N=NCeH^N.0H NOj.CeH,.N=:NCeH,N.OH 



C«H,N=NC<,H,N.OH N02.CeH,.N=NCeH,N.0H. 



* Ann, Chem, Pharm, czc. 138. 
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1078 AzobeiKe7i,csutphonicamd,Cj^Ua'S^O^B. + 5S,0. 
obtBined this compound by dissolving azobenzene in 5 parts 
fnming sulphuric acid heated to 130°.* It is scarcely solul 
in dilute mineral acids, slightly in alcohol and ether, tolerably 
cold, and very readily iu hot water, crystallizing in large, deep 
orange-red plates, which lose their water of crystallization above 
100°, and melt at 127°.* It forms aalU which crj-stallize well 
and are only slightly soluble. 

J'otaanum asohmzenesulphonale, CuHjNjSOjK, is forraed when 
a solution of any potassium salt, except the sulphate, is treated 
with a hot solution of the acid, and separates out on cooling in 
lai^e, yellowish red plates. 

Azobenzenesulphonic acid is, therefore, a very strong add, 
decomposing even chlorides and nitrates. 

AziAeiaeiumlphonie chloride, CuHoNjSOjCl, forais orange- 
yellow warty masses, insoluble in water, and only slowly decom- 
posed by boiling water." 

Axd)eitztMsiilphonamide, C'ljH^NjSOj.'NHj, is a powder, slightly 
soluble in boiling alcohol. 

Azobenzniedisulphonic acids, CijH,Nj{SO,H)j. By diasolving 
azobenzene in 5 to 8 parts of fuming sulphuric acid heated 
130°, and then keeping the temperature for two hours at 150°— 
170°, two isomeric acids are formed, and can be separated tf 
means of their potassium salts.* 

a-AzottTizeiudisulphonic acid crystallizes with one molecule at 
water in deliquescent, red, coucentrJc-ally grouped needles ; tJia 
potassium salt, 2CjjHgN3(SOjK)2 + 5HjO, forma red prianut 
slightly soluble in cold, readily in hot water. 

The cA/ori(£f,CijHgNj(SO,Cl)j, crystallizes from ether insma]^ 
brownish-red needles, melting at 220° — 222° ; and the amid$i 
C',jHgNj(SOj.NHj)j, forms yellowish-red needles or small 
which do not melt below 300°. 

If the hot. concentrated solution of the potassium salt 
treated with stannous chloride, a-hydrazobtmenedisv/pkonie a 
CijHigNj(S03H)j, is formed, and crystallizes in transpareol^ 
lustrous tablets, containing water of crystallization. 

^-Azdlatzenedisnlpbmiic add forms a Bynip; its potassii 
salt, 2C„HaNj(S0jK)j + 5H,0, is exceptionally soluble inwa) 
and crystallizes from alcohol in deep-yellow needles. 

' Ann. Ch™. Fharm, uliv. 2ftS. » Jai.ov=k)-, .V".Hit*A. Ckna. i 

' Skainlnro*, ZtiUehr. Ohfrn. 1870. 613. 

• Liini>iicbt, Brr. JJtuUch. Chen. Om. x(t. ]E&0. 
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The chloride crystallizes from ether in fine, red needles, melt- 
ing at 123° — 125^ and the amide forms yellowish needles, melting 
at 258^ 

No /9-hydrazobenzenedisulphonic acid could he obtained by 
treating the potassium salt with tin and hydrochloric acid. 

Meta-azohenzenediaulphonic add, Claus and Moser obtained 
this compound by the action of sodium amalgam on a solution 
of sodium metanitrobenzenesulphonate ; ^ it may be more readily 
obtained by using zinc dust and caustic potash.* The free acid 
crystallizes in pale-yellow, deliquescent, monoclinic prisms, con- 
taining three molecules of water ; it forms yellow to dark-red 
salts. 

The potassium salt crystallizes in yellowish-red needles, which 
are sometimes anhydrous and sometimes contain water. 

The cJUoride separates from ether in ruby-red needles, and 
melts at 166^ while the amide crystallizes from alcohol in yellow 
needles, melting at 295*. 

On reduction the acid yields metahydrazohenzenedisulpJionic 
acid, 0^2^10^ i(^^z^)iy crystallizing in fine, colourless, mono- 
clinic prisms, scarcely soluble in alcohol and ether, slightly in 
cold, and somewhat more readily in warm water. 

Para-azohenzenedisulphonic acid is formed by the oxidation of 
sulphanilic acid with potassium permanganate in the cold. The 
potassium salt, 2Ci2H3Ng(S03K)2 + SHgO, is thus obtained in 
red crystals, slightly soluble in water.' The amide crystallizes 
from hot water in yellow tablets, melting at 176** (Marenholz 
and Gilbert). 

1079 Azoxybenzene, C^^^qT^^^O, is, as already mentioned, the 
first product of the action of caustic potash or sodium amalgam, 
in presence of alcohol, on nitrobenzene : 

+ 6H = I )0 + 3HA 



canQ 

It is also obtained by oxidizing azobenzene, dissolved in acetic 
acid, with chromic acid,* as well as, together with azobenzene, by 

» Bcr. Dmtsch. CJunn. Oes. xi. 762. 

5 Marenholz and Gilbert, Ann. Chem. Pharm. ccii. 331. 

' Laar, Joum. Prdki. Chem. [2], xx. 264. * Petriow, ibid, vL 557. 
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the action of potassium permanganate on auiline hydrochloriiia 
(ak,er). 

Methyl alcohol is used in its preparation instead of etivA 
alcohol, as the oxidation products of the latter seem to take, 
part in the reaction and form black masses, which were found bj 
Mitacherlich and Zinin to consist of the salts of coloured acids. 

Ten parts of sodium are dissolved in 2J0 parts of raethj 
alcohol, the solution mixed with 30 parts of pure nitrobenzeu 
and the wliole allowed to boil gently for 5 to 6 hours, in i 
apparatus connected with an inverted condenser. The liqiB 
becomes coloured brownish-red, but, if pure nitrobenzene I 
been used, remains perfectly clear, the reaction proceedia| 
according to tlie following equation : 

4CaH5NO, + SCHjONa = 2Ci,H,(,NjO + SHCO^Na + 3H,ai 

The alcohol is then distilled off, the residue of sodium formal 
and azoxybenzene extracted with water, and the azoxybenzed 
allowed to crystallize out ; the yield amounts to 90 to 9S j 
cent, of the theoretical.^ 

Alexejew obtained it by the action of sodium amalgam on a 
alcoholic solution of nitrobenzene, kept acid by acetic acid. 
According to Molt^chanowsky, 87 per cent, of the tbeoreUc^ 
yield is obtained.^ 

Azoxybenzene is insoluble in water, but readily solable k 
alcohol, and crystallizes in long, yellow, rhombic needles, or, e 
the gradual evaporation of its ethereal solution, in prisms ■ 
inch in length. It fuses at 36° to a yellow, strongly re&actJM 
liquid, which solidifies on cooling in a radiating mass (fflnii^ 
If small quantities are carefully heated, it volatilizes undec"~ 
posed; when larger quantities are distilled, a portion dec 
poses into azobenzene and aniline, carbonized products b 
formed. By the addition of three parts of iron filings, the yield 
azobenzene is increased to 72o per cent,, aniline and decompc 
tion products being also obtained. This behaviour adapts 
for the preparation of azobenzene.* While azoxybenzene 
alkaline solution is reduced by sodium amalgam to azobt 
and hydrazobenzene, the greater portion of it is converted 
stannous chloride, in an acid alcoholic solution, into anil 
(Schmidt and Schultz). On heating with concentrated i 

' Klinger, Bct. DtiUKh. Chan. Oct. xv. 885. St* idso MolLsclianowsky, i 
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phuric acid it is converted into the isomeric hydroxyazoben- 
.1 



zene 



O 



\ 



NC,H, 



NC,H, 



II 
NCeH,.OH. 



SvhdUutum products of Azoxybenzene. The halogen com- 
pounds are obtained from the substitution products of nitro- 
benzene, just as azoxybenzene is obtained from nitrobenzene. 
They are converted by reduction into substituted hydrazo- 
benzenes, and these again by oxidation into substituted azo- 
benzenes. The nitro-compounds are formed by the nitration of 
azoxybenzene. 



Metadichlorazoiy- 

benzene,* 
Paradichlorazoxy- 

benzene,' 

Metadibromazoxy- 
benzene,* 

Paradibromazoxy- 
benzene,^ 

Metadi-iodazoxy- 

benzene,* 
Paradi-iodazoxy- 

benzene,* 
Orthonitro-azoxy- 

benzene/ 
Paranitro-azoxy- 

benzene/ 



Melting- 
lK)int,. 



97° 

00 



•'O 



»o 



^flat long ochre- 
n rr m XT n J coloured needles 

' needles . . 

i light yellow 
broad prismslll — 111*5 
small yellow 
V plates . . . 175 

{ flat yellow 

r* TT T "W n -/ needles . . 
v^ijUgi^jjU <^HgY^^ yellow 

f plates . .199—199-5 
( yellow prisms or 

\ like needles . 



49" 
153° 



JlfetOrCLzoa^henzenedisulpkonie acid, Ci^^{SO^Il)^fi, is 
formed by heating metanitrobenzenesulphonic acid with alcoholic 
potash. It is readily soluble in water and alcohol, and forms 
microscopic yellow needles melting at 125^ Sodium amalgam 
reduces it to meta-azobenzenedisulphonic acid, and stannous 
chloride to the hydrazo-compound.® 

1 Wallach and Belli, Ser, DeuUeh, Chem, Qes, xiiL 625 ; Wilsing, Ann. Chan. 
Pharm. ccxt. 218. 

* lAubenheizner, Ber, Deutack. Chem, Ocs, viii. 1628. 
» Ibid, 

« Qabriel, Ond, iz. 1405. 

* Hofmannand Gejger, ibid, r. 919 ; Werigo, Ann, Chem, Pharm, clxv. 198. 

* Gabriel. 

7 Zinin, Ann, Chem, Pharm, cxiv. 218. 
' Bninnennaiio, ibid, coii. 340. 
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loSo lIi/ilraiolenzcnc,Ci^}ij^^ HofmaDD obt^ned this com- 
pound ia 1863 by the reduction of azobenzcne vith ainmoniuii] 
sulphide : ' 

C„Hs.N C^Hfi.NH 

II +H,S= I 

CeH^N C0H5NH 

In order to prepare it, an alcoholic solution of azobenzene or 
azosybenzene is boiled with zinc-dust until it has become 
colourieBS, filtered, and precipitated with water (Alexejew). It 
is slightly soluble in water, readily in alcohol, and crystallizes ii 
colourless tablets, smelling like camphor, and melting at 136' 
On distillation it decomposes into aniline and azobenzene : 

On oxidation it is readily reconverted into azobenzene ; in the 
damp state, therefore, it becomes coloured in the air, and it* 
alcohohc solution readily absorbs oxygen. 

HydrocMoric or sulphuric acid converts it into benzidine 



CoHj-NH 
CgHj.NH 



CoH,.NHj. 



The product thus obtained is a mixture of two isomeric diamidi>- 
diphenylenes. It is also formed by passing sulphur dioxid« 
through an alcoholic solution of azobenzene : 

C,H,N CaH,.NHs 

1 1 + 2H,0 + SO, = I + HSO,. 

When azobenzene is heated with a considerable excess of od 
ammonium sulphite and alcohol, the ammonium salt of amidt 
diphenylaulphamic acid is obtained ; this is converted by au 
phuric acid into benzidine, and baa, therefore, the followiD 
constitution : * 

OoH,.NH(SOjH). 

Tliese compounds will be described under diphenyl. 



Diacetylhydrasobenzene, C,jHjo(NCjHjO)g, is formed by boiling 
hydrazobenzene with acetic anhydride, and forms large, thick, 
yellow, rhombic crystals, slightly soluble in cold water, more 
readily in hot, and readily in alcohol (Schmidt and Schultz). 

Substitution products of hydrazobEmau are obtained by the 
reduction of the substituted azobenzeaes or azoxybenzoues, a& 
well as fi'om the substituted nitrobenzenes. Monosuhstitution 
products liave not yet been obtained. 

Mfltiag- 

Metadichlorohy- ^ I crystals resembling 

drazobenzene,^ ^ O H PI N -^ gypsum .... 94° 

Paradichlorohy- f vt to ' i i \ 

drazobenzene,* ) {crystals .... 122° 



M etadibromohy- ^ 

drazobenzene,* ( 
Paraflibromohy- C 

drazobenzene,* ) 
Metadi-iodohy- 

drazobeiizene,' 
Paratli-iodohy- 

drazobenzene, 



?i 



C,,H„Br,Nj 



OijH^ljN, 



crystals . , 
short thiuk prisms 107—109* 
130° 



fine needles 

spherical 

tion of 



. 89—00° 



(_ flat needles ... — 

TTinitTohydrazobtnzciie, C^.^QiO^^^. Fischer obtained 
this compound by the action of piciyl chloride on phenyl- 
hydrazine : 

C^HjNH - NH^ 4 CuH.Cl(NO^, = C«H,.NH - NH.CaHj(NOs)s 
+ HCl. 

It crystallizes from glacial acetic acid or acetone in short, dark- 
TL-d prisma, which melt at 181° with evolution of gas, and 
deflagrate when more strongly heated. Mercuric oxide con- 
verts it, in alcohohc solution, into 7-trinitro-azobenzene (p. 
293J.' 

a-Diamidohydrasobenzenc, C,jH,(,(NHJjNj. Gerhardt and 
Laurent prepared this substance by boiling paradinitro-azoben- 
«ene with alcohohc ammonium sulphide; they gave to it the 

' Laiibenlieimcr, ibid. riLi. 1624. 

' Ilofmann, ibid. v. BIS ; Calm aitd Heumsnn, ibid, lili. IISI. 

' Gabriel, ibid. ix. 140B. 

* Vfviigo, A-nit. Chan. Phann. c\xv. 192 ; Calm auil [leumaim, 

' (ittbricl. 

' Jnlie LenuDDtaw, But. DKV.I^-k. Vheia. Uci. v. 231. 

' Ann, Chetn. Pharm. cxe. 132. 
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formula, C,5Hg(NHg)jN,. and nafned it diphenioe. Julie Ler- 
ruontow subsequently showed that when dinitro-azobenzene u 
treated with ammonium sulphide in the cold, dinitrohjdrazo- 
benzene is fonned, and that this is converted into diamidobydra- 
zobenzene by warming with the sulphide. It is slightly Bolubie 
in cold, more readily in hot water, and forms a yellow crystalline 
powder, melting at 145°. It is converted tnt-o paradiamido- 
benzene by heating to 100° in a sealed tube with ammoDium 
sulphide, and into quinone by oxidation with manganese dioxide 
and sulphuric acid. Its hydrochloride, OijH,(,Nj(NHjCI)p. 
crystallizes in red scales, slightly soluble in water. 

fi-ZHamidokydrazobcmenc. Haarhaus obtained this compoand 
by the action of sodium amalgam on an alcoholic solution of 
metanitraniline, and named it hydrazo-aniliue,' It may be 
readily prepared by the reduction of metanitraniline with mc 
dust and alcoholic potash,' anil is slightly soluble in water, 
readily ill alcohol, and crystallizes in golden-yellow needtet, 
melting slightly higher than 140°. On heating to 100° with' 
ammonium sulphide it is converted into paradiamidobeozene 
(Lennontow). Its hydrochloride crystallizes in small gulJen- 
yellow plates. 



HYDROXY- AND AMIDO-DERIVATIVES OF AZO- 
BENZENE. 

THE AZO-DYES. 

loSi All a zo-coni pounds are coloured, but only those which 
contain an amido- or hydroxyl-groupare dyes. In 1876 the only' 
azo-dyes in use were atnido-azobenzene, or aniline yellow, and 
triamido-azobenzene, or phenylene brown. Since that time, 
however, a large number of azo-dyes has been discovered 
through the labours of Caro. Griess, Poirrier, Witt, and others, 
and, owing to their simple formation from the numerous amido- 
compounds and phenols, tliey have come into very general use. 

The simplest compound of this class is aniline yellow or; 
amido-azobenzene, obtained by the action of aniline on diazo- 
benzene chloride ; diazo-amidobenzene is first formed, and i* 
converted, in presence of aniline, into amido-azobenzene : 



C„H,Nz 



iN-NH-C^Hs = CflHjN— N.CeH,.NH^ 



When potassitim phenate is added to diazobenzene nilrate, 
hydrosyazobenzene is directly obtained ; 
C.HjN^N.NO, + C„H£,.OK = C,H,N=NC„H,,OH + KNOj. 

The formation of an intermediate diazohydroxy- or diazo- 
amido-compouiid baa not been observed in the preparation of 
Uiis and other azo-dyes. Among the diamido-componnds only 
those of the meta-aeries form colonring matters. Metadiamido- 
benzene combines with diazobenzene chloride, diamido-azoben- 
zene or chrysoidine being formed : 

CgHjN^NCI + CsH.(NH,)3=C9H5Nii:NC^H,(NHj3 + HCL 
Metadi hydroxy benzene or resorcinol yields metad i hydroxy azo- 
benzene, CBHsN'^CflHjCOH)^ 

According to Witt's proposal, the dyes obtained from meta- 
iliamido-compoiinds are called chri/soidiites, and those obtained 
from inetadihydroxy-compounda, chrysoins? The colour of these 
compounds ia darker the higher the molecular weight; thus 
amido-azobenzene is yellow, diamido-azobeuzene oi-auge, and 
triamido-azobenzene brown. 

If paradiazobenzenesn [phonic acid be used instead of a 
diazo-salt, the sulphonic acids of the azo-dyes are obtained ; 
these are called tropaeoliiis, because the shatlea of colour which 
they produce resemble those of the flowers of Tropaeolum majm. 
They are distinguished in trade according to their aliades as 
Trapaeolin Y (yellow), Tropacolin (orange), and tlie deeper, 
redder ones as 00, 000, etc.* 

These sulphonic acids may also be obtained by the action of 
sulphuric acid on the azo-<lyes. 

When nitrogen trioxide is passed into an alcoholic solution of 
amido-azobenzene hydrochloride, a diazo-com pound 

CoH^N— NC8H,N=NC1, 
is formed, and this is converted by aniline into an amido- 
azo-compound, CgH,N:r:NCaH^N=NCeH,.NHj. which is a 
colouring matter. Similar reactions with other amido- and 
by d rosy-compounds, as well as with their sulphonic acids, lead 
to the building up of very complicated azo-dyes.' 

Among tliese numerous compounds those derived from 
■DAphthalene are of special importance, but only those of the 
'lenzene group will be <Iescribed at present. 

' Bar. Doitrrh. Chem, Oft, x. 85^. = Wilt, ibid. xii. 2S8, 

■ Cwo BHil Schraube, Hit!, i. 2280. 
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At first only the n-ntcr BolnhU sulpliouic acids wore coraJ 
mercially employed as dyes, sioce the application of the » 
solvate colouring mattera was prevented by practical difficulti(« J 
these have now been overcome, it having beeu found that tlie a; 
compounds combine with acid eodium or ammonium sulphite t 
form Boliible compounds, decomposed by steaming or by tlw 
action of alkalis, and that the dye can thus be fised directly ool 
the fibre.' 

The sulphonic acids give analogous compounds, which form 
yellow solutions when the azoKlye lias a red colour, and red 
solutions when they are derived from blue colouring matters. 
All these siilphite-com pounds arc characterised by a great power 
of crystallization, and their crystals possess in greater or les9 
degree a darlc colour and metallic lustie ; since, as alread}- 
mentioned, they readily decoinposc with formation of the 
origiual colouring matter, they do not correspond to the 
amidodipbenylsnlphamic acids (p. 29S), but arc addition -prod wets 
of the general formiila :* 

X— N— H 

I 
Y— N— SO^Na. 

1082 llydroxyazobcnzeTif; CuH5.Ns.CuHj. OH. Griess obtained 
this substance, together witii plienolbidiazobenzene (p. 304), by the J 
action of barium carbonate on diazobeuzene nitrate, and named jl I 
phenol<liazobenzene.^ He then found that the same coroponiMl 
is formed when azobeuzenesul phonic acid is fused with caustic 
potash,* while Kekiilu and Hidegh prepared it by the action ut 
potassinm phenate on diazobeuzenc nitrate.' It may also be 
obtained by heating the isomeric azoxybenzene with sul- 
phuric acid (Wallach anil Belli)." To prepare it. 30 grms, of 
potassium nitrite dissolved in 4 litres of water are added to ^0 
giins. of phenol and 20 grms. of aniline nitrate dissolved is S 
litres of water, the niixtitro allowe»i to stand for two hours, and 
the precipitate filtered off. On treatment with ammonia 11 
resinous substance remains undissolved and is separated bf 
filtration, the filtrate being then precipitated with hydrochloric 
acid.' 

> Caro and Sohniubc, £er. DmLwh. Ckcm. Oct. ivii. rtf, *52, xriii. nt. W 

• Aini. Chrnt. Phinn, cuivii, 8t 

* Srr. IhiUiKli. Vlxiii. Get. iii. Hi. 
' Ma;!2iirn, .lahivdi. 1879. <65. 



I HydroxyazobeozJeDe is digliUj sohiUe in ni«r, readily in 

»hol, and crystallizes in yellowish-red iliotnbae prions, melting 

' — 154°. It resdily dissolves in ftlkjdis and faaam met^fic 

The silver compoond is a TeUow precipitate vlncfa 

tottates at 100°. 

t-HydT<xryaxd>atBatai^ito*ie and. C^^(SO^}(,C^O^ 

[ formed when hydnu^uobenzene.' or mare simply anxy- 

is heated to 100* — llC vitli 5 puts of fuinin? 

Iphuric acid until a small partial) is completely soiable id 
. On dilution with water the BioDoaalpitoQic acid separates 
out after twenty-four hours, wtule the di- tri- and tetrasolphonic 
acids remain iu solution. 

It forms small, reddish plates with a metallic lustre, which 
are readily soluble in water and alcohol The polassinm mlt, 
CaH,fSO,K)N,(;;gH,.OH + H^. crystallizes in small, yellowisb- 
red, lustrous plates or flat needles, tolerably soluble in cold, 
readily in hot water. When it is reduced «ilh stannous chloriile 
no aniline is formed, whence it foUows that the solpbo-group and 
the hydroxyl are not situated in the same benzene nucleus, 

P^EydrosrgazohfnztwituljAonK add, C,H,(SO,H)N,CaH..OH, is 
ohtaineil by dissolving 1 part of phenol in 10 parts of a 10 per 
cent, solution of caustic potash, and adding the corresponding 
amount of diazosulphanilic acid. The ycllowtsh-red solution is 
saturated after some time with acetic acid, the potassium salt, 
CaH,(SOsK)N,CBH,.0H, being thus precipitated in small, an- 
hydrous, lustrous plates.^ which are still less soluble than those 
of the isomeric compound (Wilsing). The acid, which is obtained 
from the salt, crystallizes in yellowish-red prisms, having a blue 
surface lustre, which are readily soluble in pure water, but only 
slightly in acidulated water. It is split up by the action of tin 
and hydrochloric acid into sulphanilic acid and paramidophenol. 

The sodium salt, CoHj(SO,Na)NjCjH^.OH, occurs in commerce 
under the name of Tropcuolin y, as a pale yellow powder, which 
has not much value as a dye. 

y-Ilj/flroxifazohenzenemdpkonic anif, CgHj(SOgH)N,C„H^.OH. 
Griess obtained this substance by the action of motadiazoben- 
zenesulphonic acid on an alkaline solution of phenol. It is 
readily soluble in water and crystallizes in long, narrow, pent- 
agonal plates having a violet surface lustre. Tinandliydroclilorio 

' TBrMrwinsky. Bt. Deu'wh. Chem. On, vl, 6110. 
— ' WiWng. JniL Cfinn. Harm. rciT, !28. 

» Grie»», Ber. DevUch. Chtm. Qa, xi. 31BI. 
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acid rfecompose il into mct.ami(]obGnzenesulphomc a^id ami 
paramidophencil. The potassium salt, C,,H,N^O,K, crystallizes 
in long needles. 

h-Hydroxyazohcnzoiemlphonv: acid, C„HsN,C(;H,(SOjH)OH, ij 
obtained by the action of diazobenzene nitrate on an alkalioe 
solution of phenol orthosul phonic iwid, and ia precipitated bv 
strong hydrochloric acid from a concentrated aqueous solution, in 
small, lustrous yellow plates. On the graiJual evaporation of its 
solution it IS also deposited in large, ciierry-red, rhombic tableU 
or prisms. On reduction it yields aniline and aniiduphenolsiil- 
phonic acid. 

The potassium salt, CiiHoNjSOaK, forms sjnall. namjw, 
lustrous plates or needles (Griess). 

P/unolbidUaohemcne, C,gHjjN,0. This name has been given 
by Griess to a compound which he obtained, together wiili 
hydro xyazobenzene. by the action of barium cai-bonate on 
diazobenzene nitrate. It is also formed by treating <)mzobenzen« . 
chloride with caustic soda, or by adding diazobenzene nitrate tt | 
an alkaline solution of hydro xyazobenzene,' aud crystallira 
from hot alcohol in brownish red needles or small plates, whifji-l 
melt at 131° and have a metallic lustre. It is split up by| 
the action of tin and hydrochloric acid into aniline and diamido* J 
phenol.! Cf,H3(NH5)jOH (4:2:1). It must therefore have t" 
following constitution ;— 



N=NC,Hs 



HO.C,H / I 

Caro and Schraube' obtained an isomeric compound by t 
action of potassium phenate on the diazo-com pound of amid< 
azobenzene, concerning which tliey only state that it is split u 
by nascent hydrogen into aniline, paradiamidobenzene, i 
paramidophenol : 

CeHjNmNCoH.N^NCaH.OH. 
1083 Dihydroxyawbemenes, CijHgNj(OH)j. According 
theory twelve isomerides can exist, six containing the hydrc 
in the same benzene nucleus, and six containing one hydron 
in each nucleus. The latter, termed azophcnols. are obta 
by fusing the nitrophenols with caustic potash.* 

' r.ri«si. Bit. Dntlteli. Chetn Oft. U. 627. 

' Percy Prunklsnd, Jimrn. Chen. Soe. ]S80, i. 7! 

• Ber. iJeuUeh. Chnta. Ota. X. 3280. 

• Bonedikt wd WcseUky, Ann. CKem. Pharm. cievi. S88. 
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Ortko-cLzophcnol, CgH^(0H)N2CgH^.0H, crystallizes in small, 
golden, lustrous plates, melting at 171°, and subliming with- 
out decomposition. It is insoluble in water, slightly soluble 
in alcohol and readily in ether ; it forms a yellow solution in 
the alkalis. 

Para-azophcTwl is formed by adding a solution of potassium 
phenate to diazoparaphenol nitrate, as well as by the action 
of caustic potash on nitrosophenol.^ It is slightly soluble in 
water, readily in alcohol, and forms light-brown triclinic prisms, 
melting with decomposition at about 204°. 

Metadihydroocyazohenzene, Phenylazoresorcinol, or JRcsorciiiolazohcn' 
zene, CQH.^2^6^si^^)2* ^ obtained by the action of diazobenzene 
nitrate on an alkaline solution of resorcinol ; it crystallizes in 
red needles, which melt at 168°, and are readily soluble in alcohol 
and alkalis.^ 

Dihydroxyazobenzenesulphonic add, CgH^(S03H)NjjCgH3(OH)2, 
is formed by the action of fuming sulphuric acid on the 
preceding compound, as well as by that of paradiazobenzene- 
sulphonic acid on an alkaline solution of resorcinol.^ It is 
slightly soluble in cold, somewhat more readily in hot water and 
in alcohol, and crystallizes in small, ruby-red, pointed rhombic 
plates with a steel-blue surface- lustre. It is split up by the 
action of tin and hydrochloric acid into sulphanilic acid and 
amidoresorcinol. 

The acid potassium salt, C<,H^(S03K)N2CeHs(OH)2, crystal- 
lizes in small, yellowish -red, rhombic plates; both it and 
the corresponding sodium salt occur in commerce under the 
names Tropacolin or E, Ghrysoiriy &c. ; it is chiefly used, 
in combination with other dyes, for olive-greens, chestnut- 
browns, &c. 

PhA^nyldisazoresoTcinoly or Resorcinoldisazdbenzeney 

(C«H,N,),CeH,(OH)^ 
is obtained in the preparation of phenylazoresorcinol ; it is 
only slightly soluble in alcohol, and crystallizes in broad, red 
needles, which melt at 220° — 222° and form a brownish-yellow 
solution in alkalis or sulphuric acid. On reduction with tin 
and hydrochloric acid it yields diamidoresorcinol and aniline 
(Liebermann and Kostanecki). 



^ Jaeger, Ber. Dcutaeh. Chew.. Ges, viiL 1409. 

' Baeyer and Jaeger, ibid, ix. 151 ; Typke, ibid. x. 1576 ; Liebermann and 
Kostanecki, ibid. xvii. 880. 
» Griess, ibid, xi. 2195. 
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a-JtcsordnoldUa^obeiaenc is foi-med, together with the /3- com- 
pound, by the action of diazobenzene chloride on an alkalii 
solution of phenylazaresorciuol : 

CbHbN— NCoHjCOH)^ + CoH.N^NCl 

>C.H.(0H),+ HC1. 

It is slightly sohible in alcohol and ether, more readily in chlor 
form, and crystallizes in brownish red, matted needles meh" 
at 213°-215°; it forms a bordeaux-red solution in caustic 
and colours sulphuric acid a pure red. 

p-Eesiyrcinoldisojiohenzene is a red crystalline powder, insolul 
in caustic soda ; it di^olves in alcoholic potash with a browoi 
red, and in sulphuric acid with an indigo-blue colour.* 

BcnseiudisazobenzeneresordnvJ, or Azo-azobemcjurttorcm 
CgH^N— NCoH,N=NCsH5,(OH)g, is obtained in tw 
modifications by dissolving equal molecules of ainido-azobenzei 
and resorcinol in alcohol, adding sufficient acetic acid, and treatii 
the well-coolod liquid with an aqueoua solution of one moli 
of sodium nitrite, the mixture being well agitated. The 4 
compound is a brownish rc-d crystalline powder, soluble 
alcohol, and melting at 183''-184°. It dissolves in 
alkalis and in concentrated sulphuric acid with a carmine-i 
colour. 

The ^-compound is also a brownish red powder, which 
a metallic lustre when rubbed, melts at 215°. and is insoluble ia 
alcohol and aqueous alkalis ; it dissolves in alcohohc potash wilt 
a bluish violet, and in sulphuric acid with a pure deep bloa 
colour (Wallach and Fischer). 

1084 Amvio-axohe)iienc, CgH^N^rNCgH^.NHj. In tbe yta 
1863 the firm of Simpson, Maule, and Nicholson brought iota 
the market a new dye called aniliac-yctlmv, obtained by tlu- 
action of nitrous acid on aniline.* Martiua and Oriess founj 
that this was the oxalate of a base, which they named aini<l<i- 
diphenylimide, C,jH,jNj.* At the same time Kekule showed 
this body is formed by a molecular change from the isora«u 
diazo-amidobenzene when the latter is allowed to stand in contact 
with an aniline salt, and must therefore be considered as amido- 
azobenzone;* this observation was confirmed by Schmidt, 

' WnllBL'h BinI Fischer, Ber. DciUtch. Ckcm. On. xv. 28ia. 

' Mine, Jahretb. 1861, *B8. 

1 ZHJ-vh. Chi-in. 1868. 182. • lUid. l^flfi. flSfl. 
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obtained the same substance by the reduction of nitro-azobenzene.^ 
It is also formed by heating an aniline salt with sodium stannate.^ 
To prepare it, 2 parts of aniline hydrochloride are gradually 
mixed with an aqueous solution of 1 part of sodium nitrite, the 
temperature not being allowed to rise above 60°. After some 
time an excess of hydrochloric acid is added, and then water, the 
amido-azobenzene separating out, while the excess of aniline 
remains in solution and may be recovered.^ 

Amido-azobenzene is scarcely soluble in water, but readily in 
alcohol, and crystallizes in yellow rhombic needles or prisms, 
melting at 127°*4. It boils above 300° without decomposition, 
is oxidized by manganese dioxide and sulphuric acid to quinone, 
and reduced by nascent hydrogen with formation of aniline and 
paramidobenzene ; its constitution is, therefore, represented by 
the following formula : 

<^ \ N=:N <^~\nH2. 

Amido-azobenzene is a weak monacid base, and its salts are 
readily decomposed by water. 

Aviido-azohenzene hydrochloride, CijHijNg.ClH, crystallizes 
from a slightly acid, boiling, saturated solution in lustrous, 
bluish violet needles or scales. This salt, or the oxalate, forms 
the commercial aniline-yellow; it dyes wool and silk a fine 
yellow, but, as it is volatile in steam, is not much employed 
for dyeing goods ; it is, however, used for the preparation of 
other dyes. 

Amido-azohenzenesulphonic acid, CQH^(S03H)N=zNCgH^.NH2, 
is obtained from sulphanilic acid by converting this into 
paradiazobenzenesulphonic acid by means of sodium nitrite and 
hydrochloric acid, adding aniline, removing the excess of the 
latter by hydrochloric acid, and precipitating the sulphonic acid 
with common salt. It is also prepared by treating amido- 
azobenzene with strongly fuming sulphuric acid, and washing 
the product until it is free from sulphuric acid.* The substance 
thus obtained, which contains the disulphonic acid,^ occurs com- 
mercially as a paste, under the names Acid-yellow or Echtgclh, 

* Ber. DeiUsch. Chcm. Qes. v. 480. 

* Schiff, Ann. Chem. Pharm. cxxvii. 346. 

' Grassier, Dingl. Polyt, Journ. ccxxxii. 192 ; Thomas and Witt, Jour. 
Chem. Soc, 1883, i. 112. 

* Grassier, Chem. Ind. ii. 48, 346 ; iii. 171. 

' Nietzki, Ber. DeuUch. Chcm. Qes. xiii. 800. 
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and is used as a yellnw dye for wool and silk ; it is i 
employed iu the preparatioo of Biebrich scarlet, a colouiin 
matter which will be described under naphtlialenc. 

Metkylamido-azobemcne, C^'S^.N,.C^K^i!i(CH^)U. is obtains 
by beating amido-azobeDzene with methyl iodide ; it ciystalliza 
in brick-red needles melting at 180° ; its hydrochloride fonm 
violet needles.' 

Dimcthi/lamulo-azobenscne. C(|H5.Ng.CoH,N(CH3)^ Griess ob- 
tained this substance by the action of dimethylaniliiie ( 
diazo-salt.* It is also formed when equal moleculeB of Uis 
hydrochlorides of aniline and dimethylaniline are dissoWa 
in water and treated with an alkaline solution of sodim 
nitrite : * 

CoH^-NH^Cl + C„Hj.N(CHj,)jHCl + NaNO, + NaHO = 
CeH,.N^.CoH,N(CH3), + 2NaCI + SH^O. 

It may also be prepared by the action of methyl iodide 9 
the preceding compound ; it crystallizes in small yellow plats 
melting at 115°, audits hydrochloride forms purple-red, bair-lik 
needk«. 

Tbecorresi>ondingsulphonicadd,CgH,(SOi,ri)NjCoH^X(CH^, 
is obtained by the action of dimethylaniline on parsdiazo- 
benzenesul phonic acid, as well as by dissolving dimethylamido- 
azobenzene in fuming sulphuric acid containing 30 per cent of 
sulphur tirioxide, allowing the solution to stand for twenty-foni 
hours and precipitating with water fMiihlau). Hydrochloric aciii 
precipitates it from a boiling alkaline solution iu microscopic 
needles, wliich soon change into small, strongly-lustrous, vioUt 
plates or prisms (Oriess). It forms a solution in concentrated 
sulphuric acid with a yellowish-brown colour, which on dilution 
becomes a splendid red. 

The ammonium salt occurs in comTnerce under the names 
Golden-orange, ffdiantiiin, Tropaeolin D, and Orange III., and 
is used for dyeing wool and silk Its aqueous solution, ptcd 
when dilute, has a dark, reddish yellow colour, which is chang«0 
by the slightest quantity of free acid into a hght red; it o 
therefore used instead of litmus in titrations, its solution beios 
much more stable and more sensitive towards acids.* 

' lioiju, Bcr. Dcuimh. CheM. Oa. xrii. HOO. 
■' Ibid. X. 528. 

' Mohlau, Ber. IlnUifh. Clunii. Gei. xtL. 1490. 
' Lunge, xi, IBll. 



Phaiylamido-azobenztiie; Q;^^^Q^K^1^B.{C^^, is formed by 
the action of diphcnylamioe on diazobeuzene cliloride in alcoholic 
solution. It is readily soluble in alcohol and <tthcr, and crystal- 
lizes in small, golden-yellow, lustrous plates or fine prisms, 
melting at 82°. An alcoholic solution ia first coloured a splendid 
violet by acids, and then deposits the salts in grey cryalals. This 
compound dissolves in concentrated sulphuric acid with a green 
colour, which ia converted into iudigo-blue, and then into 
reddish violet by the addition of water. 

Fhcni/tamido-azobemenesutphimie acid, CoH,(SO^)NjCaH(NH 
(CflHj), is obtained by acting on paradiazobenzenesul phonic 
acid with diphenylamine, and crystallizes in grey, hair-like 
needles with a steel-blue lustre ; it is only slightly soluble in 
wat*;r, forming a light-red solution, but somewhat more readily 
in alcohol and acetic acid. The potassium salt, CigHjjNjSOjK, 
occurs in commerce as Tropaeolin 00, Orange IV, or Oirtnge A'". 
It is only slightly soluble in cold, but readily in hot water, and 
crystallizes in flat, dichroic needles, generally arranged in the 
shape of a fan, which appear light- and d ark-go Idcn-yellow, and 
are often an inch lotig.^ Small quantities of the mineral acids 
diminish its solubility ; its slightly acid solution dyes silk and 
wool a fiery golden-yellow. This tropaeolin is, like heliantbin, 
an excellent indicator for titrations, since its solution is coloured 
red by the slightest excess of a free acid, while carbon dioxide 
and sulphuretted hydrogen produce no change.* 

loBs Asymmetric diamidQ-azohmzeTie, CaHjNjCflH^fNHj),, 
was prepared almost simultaneously by Caro and Witt;* it is 
obtained by the action of metadiamidobenzene on dinzobenzene 
chloride ; it is slightly soluble in water, readily in alcohol, ether, 
&c., crj'stallizos in fine yellow needles, melting at 117°*5. and is 
split up by reduction with stannous chloride into aniline and 
1:2:4 triamidobenzene. Its constitution is, therefore, expressed 
by the fbllowiug formula : 

Vfl / \->J — N'/' \ 

■\_/ \__/ 

It is a monacid base ; its hydi-ochloride, C|3H,jN^.HCl, occurs 
in commerce under the name of Chr^ecndin, and forma lustrous 

• Witt. Btr. DculKh. Cltem. Oa. xiL 253. 

' V. Millar, ■Olid, xl 460; DaniUwaki, Hid. xir. 115; Troinoaliii 000 or 
Mphtiiolmobenwno-sulphonie acid, C„HJ0H)Ni.C,Hj.80,n, bnlinves iu a. 
— idsely opiiosile mimuer, since it ia lunied rud by ulknlis, and h a must dalicalB 
— ■ 'ir these. 

DeuUth. Chrm. fla. i. 388. 






needles, grettnish hiack by reflected light and deep-red bj 
transmitted tight, which form a brownish red solution in wakr. 

Chrysoidin dyea wool and silk orange-red ; it absorbs the 
chemically active rays of the spectrum to a very large extent, 
aiid is therefore used, dissolved in dilute shellac varnish, bj 
photographers for covering the window of the dark room ; it a, 
however, gradually decomposed by the action of the light 

Hiaviid'-dimzobemene, CgK^N^CgK^I'HH^^.'S^C^ili,, is formd 
by the action of chrysoidin on diazobenzene nitrate, anJ 
cryatallizea from chloroform iu dark -red lustrous needles iir 
small plates, which melt at 250° and detonate when man 
strongly heated. It is a weak monacid base and forms salu 
which are decomposed by water.^ 

Parwliamido-azohenzene or Parazo-aniliitf., 
NH,.C3H^.Nj.CsH,.NHj. 
In order to prepare this compound, an alkaline solution iif 
paranilracetanilide is treated with ammonia, zinc dust and & 
little platinum chloride ; after some days, para-azoxyacetaniliilv. 
Nj(CgH,.NH.CjH,0)p, separates out. and ou evaporation of th* 
mother liquor, paradianiidobenzene aud para-azo-acetauibdc 
N,(CflH,.NH.C2HjO)„ are obtained ; the former of these is 
removed by dilute hydrochloric acid and the latter tii'ii 
converted into parazo-aniline by heating with hydrochloric acii).' 

This is also formed by reducing paranitracetamlide with iron 
and acetic acid, and then diazotizing. On adding aniline to thi' 
neutral solution thus obtained, a bright-yellow diazo-amiJ''- 
compound separates out, and is converted . hy heating with 
aniline and aniline hydrochloride into acetyldiamido-azobeniene, 
NHj.CaH^.Nj.C,H,.N(C,H30)H-, this is then decomposed bj 
beating with dilute sulphuric acid.* 

Parazo-aniline crystallizes from dilute alcohol in long, 
golden-yellow needles, melting at 235°. On gradually ad 
hydrochloric acid to the alcoholic solution, the colfiur is 
changed to a dark-green, which is then converted into red ; 
is caused by the formation of a normal and an acid salt, 
former of which, C,jH,jNj(HCi),, crystallizes in almost bh 
needles with a green surface lustre. 

Paramidohcnzcne -aiodi-mclhi/la n itiTte, 

C„H,(NHj)N,C„H,NfCH^j. 



> GrkM, Bit. Devttch. Chem. Ou. xri. 2028. 
' Mixter, Ataerie Chen. Joum. v. 1 and 2e'2. 
* NioWld, Bit. LcuUdt. Cham. Gn. xvii. 3*;i. 
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Meldola has given this name to a base which is obtained 
by adding an aqueous solution of diazoparanitrobenzeue 
chloride to ' a well-cooled solution of dimethylaniline hydro- 
chloride; the hydrochloride of paranitrobenzene-azodimethyl- 
aniline is thus formed, and crystallizes in long red needles 
with a splendid blue metallic lustre. On treatment with 
ammonia this yields the free base, which separates from solution 
in hot alcohol in reddish-brown, microscopic needles, melts at 
229'* — 230^ and is reduced by ammonium sulphide to the 
amido-compound. This crystallizes from dilute alcohol in small 
brick-red needles having a feeble metallic lustre, and melting 
at 182* — IBS'*; its salts readily dissolve in water forming red 
solutions. Its alcoholic solution is coloured green by acetic and 
oxalic acids, and red by the addition of water. On heating the 
base with aniline and aniline hydrochloride, a violet dye, which 
is one of the indulines (p. 313), is obtained. 
I Nitrous acid converts the base into a diazo-compound, the 
very dilute, neutral or slightly ammoniacal solution of which 
assumes a splendid blue colour in the air ; this soon disappears, 
brown flocks being deposited. Traces of nitrous acid can be 
detected by means of this reaction more readily and with greater 
certainty than by metadiamidobenzene (p. 240), since 1 part 
of sodium nitrite in 64,000 parts of water gives a distinct 
colouration. 

If the base be dissolved in hydrochloric acid and treated with 
zinc dust, dimethyldiamidobenzene is obtained.^ 

zo86 Azylines. lippmann and Fleissner ^ have given this 
name to a group of compounds obtained by the action of nitrogen 
dioxide on tertiary amido-compounds : 

2CeH,N(CHj^3 + 2N0 = (CH3),N.CeH,N=NCeH,N(CH3), 

+ HgO + O. 

No oxygen is set free but resinous oxidation products are 
formed. 

Nolting obtained the same compound by treating a well- 
cooled solution of dimethylparadiamidobenzene in hydrochloric 
acid with sodium nitrite and, after some time, adding a solution 
of dimethylaniline in glacial acetic acid : 

(CH,),NC,H,=Na+C,HjN(CH^, = 
(CH^,NC,H,N=NC^,N(CH,), + HCl. 

> Joum. Chem. Soe. 1884, i 106 

' UonaUh. Chem. iii. 705 ; Ber. Deuttek. Chum. Oe$. ziiL 2187; ztL 1415. 



312 ATIOMATIO COMPOUNDS. 

It is also furmeii by the action of methyl iodide on paramidu- 
beDzene-azodimc'tl lylAnlliue.^ 

DiinethylanUinc'azyliw., Nj(C(H^,N(CHj)j')j, separates from 
benzene in red ctystals, fusing at 266* to a green liquid, and 
forming a deep-green solution in glacial acetic acid. 

DicthylanUine-iizylim. 'S^{<^^^:ii{G^^)^^, is slightly soluble 
in cold, more readily in hot alcohol and crystallizes in reddish- 
brown, monoclinic needles wliich have a blue surface lustre and 
melt at 170°. On adding potassium nitrite to its solution in acetic 
acid, paranitrosodicthylaniline is formed, and it is split up by vf- 
ducing agents into two molecules of dietbylparadiamido-bonzene. 

The azylines are dyes, but they have received no application 
on account of their costJy preparation. They are derived, like 
amidobenzene-azodimethylaniline, from parazo-aniline ; this may 
therefore be called azyline, the other compounds being moat 
conveniently designated as follows : 

Dimethylparazo -aniline or dimethylazyliDe. 
Tetramethylparazo-aniline or tetramethyla^line. 
Tetra-ethylparazo-aniline or tetra-ethylazyhne. 

Triamido-azobenzcne, NHj.CgH,.N5.C,Ha{NHi)i. Tlie hydii>- 
chloride of this base, C,jH,„N(;(ClH)g, is a splendid brown dye, 
which was first manufactured by Roberts, Dale, and Co., and 
brought into the market under the name of Manchester hromi 
it has also been called Ph&nyUne brown, Vcsuvin, &o. It i 
obtained as a brown crystalline mass by treating a cold diluh 
hydrochloric acid solution of metadiamidohenzene, generally called 
phenylene diamine, with sodium nitrite, and is much used i 
wool dyeing. On account of the ready formation and intent 
colour of this dye, metadiamidohenzene is, as already mentioned 
(p. 240), employed as a delicate reagent for nitrous acid. 

The commercial product also contains other bases in small 
quantities. When it is decomposed with ammonia and tbi 
mixture extracted with boiling water, triamido-azobenzene goa 
into solution, and on cooling crystallizes in small yeUowish-r 
plates, melting at 137°.^ 

Its constitution follows from that of chrysiVidin, and is ei' 
pressed by the following formula : 

NH. NHe 

' Ntilting, ibiA xi-iii. lUa. = Cum «iiil firi-^as. ZcilMkr. Ch(m. [2], iiL 171 
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AzodibenzeTiephenykncdia m i n^, CgH3.N2.CgH^.N j.CeH3(N H.^ ^ 2- 
Griess obtained this compound by the action of diazobenzene 
chloride on metadiamidobenzene. It crystallizes from chlorofonn 
in fine, brownish-red needles, melting at 185°. It differs from 
the isomeric diamidodis azobenzene (p. 310) in being a tolerably 
strong diacid base.* 



THE INDULINES. 

1087 This name has been given by H. Caro to a peculiar 
group of blue, violet, and black dyes, which occur in commerce 
under the names Indigo sastitute, Bcngaline, Nigrosiiie, Bleu-Noir, 
BleU'Coupier, Chis-Cmipier, &c. These are employed in dyeing 
and caUco-printing, and are chiefly used for the production of 
the so-called fancy shades ; they give fast colours, but no brilliant 
shades. They are also used in the preparation of inks and 
varnishes.* 

The water-soluble indidincs are the alkali salts of induline- 
sulphonic acids, while the spirU'Sohihle consist of the hydro- 
chlorides or sulphates of the bases, and are readily soluble in 
alcohol, and also, to a slight extent, in water. 

Azodiphenyl Blue, The first colouring-matter of this group, 
the induline, par excellence, was prepared by John Dale and 
H. Caro in 1863 by heating a solution of sodium nitrite with 
aniline hydrochloride.^ According to Hofmann and Qeyger, the 
amido-azobenzene first formed acts upon the excess of aniline in 
the following manner : 

C,jH„N, + C„H,N = CigH^N, + NH,. 

The hydrochloride is a crystalline powder which is insoluble 
in water, and forms a violet-blue solution in hot alcohol.* 

Azodiphenyl blue is also formed when phenylamido-azobenzene- 
sulphonic acid (p. 309) is heated with aniline : * 

CeH,(S03H)N=NCeH,.NH(CeH,) + CeH^N = 
CeH,(S03H)NH, + C,3H,,N3. 

It is further obtained by heating aniline with nitrobenzene ; at a 
higher temperature, and in presence of hydrochloric acid it is 

* Ber. Deutsch, Chem. Oes, xvi. 2038. 

• Caro, Die InduUne, Neues ffandudrterb. d. Chem. iii. 789. 

» Ber, Deutsch, Chem. Qua. v, 472. * Witt, ibid, xvli. 71. 



converted into tripheiiyleuediamine,CigH,jNj,a substance wbick 
is similar to azodiphenyl blue, and may be prepared by heating 
diphenylamine hydrocliloride with nitrobenzene : ' 

0„HiiN + C^HsNOj = CigHijNj + 2HjO. 

ViolanViiie. This subetance, obtained by heating aniline with 
arsenic acid,* and formed as a by-product in the nianufacture 
of rosaniline, is iaomeric, or perhaps identical, with azodiphenyl 
blue ; it la prepared from the residue left in the purification lA 
rosaniline. 

According to the researches of Thomas and Witt it appears 
that the reaction which takes place when aniline hydrodiloriJe 
ia heated with amido-azobenzcno is not so simple as has bithfftt 
been assumed ; hut that, as well as azodiphenyl blue, the typiol 
induline, a whole series of other indulinea is obtained.' 

In order to prepare these a mixture of 4 parts of aoiliiiB, 
1 part of aniline hydrochloride, and 2 parts of diazo-amido- 
benzene is allowed to stand for twenty-four hours, the latter being 
thus converteil into amido-azobenzene. If the mixture be now 
heated to 100° the first product of the reaction is a^thciaiu, 
C^ijHhi'^o' " iiionacid base which was first obtained by Kimich \ij 
heating nitrosopbcnol with aniline acetate. It crystallizes fi 
hot aniline in small, garnet-red plates, melting at 236° — 237^ 
and forms a violet solution in sulphuric acid, which beconK^ 
azure blue at 300°, and shows a carmine-red fluorescence i 
diluted with water. By the action of tin and hydrochloti 
acid on azophenine, various substances, among which aniline M 
paradiamidobenzene have been recognised, are formed. 

When the mixture is heated up to 125° — 130°, aft«r the fu 
mation of the azophenine, this disappears, the liquid becotul 
blue, and in twelve hours the formation of a new colout 
matter is complete. On cooling, the hydrochloride of induHtu SB, 
CjflHjjN^.HCl, crystallizes out in small, histroua, brown platcL 
The base forms warty crystals, dissolving in aniline and alcohol 
with a purple colour ; its salta dye wool and silk a light bla« 
while the sulphonic acid gives a deep blue, and they » 
employed for producing a fine, last grey on cotUtn. 

The mother liquid from the 3S contains the hydrochloride « 
an induline, CjgHjgN,HC'l, which is identical with azodipbraj 

' WicliPlhaua and Deohond. ibid. viii. leOP. 

» nirsrd neiniie ami (.■iiB]iotc«Hl, Ann. Cliem. Phnrm. c\lii. 309. 

' Jmrn. Chem. Sof.. 1S33. i. 112; WitI, loe. cU. 
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blue ; it yields an insoluble sulphonic acid, while its salts form 
reddish blue solutions and readily dye silk. 

Induline 6B, CjgH^yNS.HCl, is formed when the temperature 
is allowed to rise to 165° — 170°; it is, however, best obtained 
by heating a mixture of 100 parts of amido-azobenzene, 
130 parts of aniline hydrochloride, and 300 parts of aniline for 
four to five hours to 110°, then adding 65 parts of aniline hydro- 
chloride, and maintaining the whole for twenty-four hours at a 
temperature of 165°— 170°. 

The salt forms green lustrous crystals which readily lose 
hydrochloric acid. The base crystallizes from aniUne in needles 
with a green metallic lustre. On heating with sulphuric acid, 
sulphonic acids are formed, the salts of which are valuable 
blue dyes. 

Blue induline colours are also obtained when amido-azo- 
naphthalene, CjoH^gNs, is employed instead of amido-azobenzene, 
&c. ; if, however, the aniline be replaced by orthotoluidine, 
C5H^(NH2)CHj, or amidonaphthalene, CiQH7(NHj),red dyes are 
formed. 

When a mixture of aniline, nitro-benzene, and hydrochloric 
acid is heated with iron filings, indulines of a deep blue-black 
colour are obtained. The nigrosines, which also give blue-black 
shades, are formed when, instead of iron filings, oxidizing agents 
such as arsenic acid, stannic chloride, &c., are added. 

They are employed for producing grey, and greyish blue, to 
Uack-blue shades on silk, wool, leather, &c. 

Various indulines may be prepared by heating violanilino 
with aniline and acetic acid.' 

The water-soluble indulines are used in the preparation of 
coloured inks; according to B. Bottger, an ink. which does not 
attack steel pens and is not altered by adds or alkalis, may be 
prepared by triturating 4 grms. of nigrosine ^ with a mixture 
of 24 grms. of alcohol and 60 drops of hydrochloric acid, and 
diluting the deep blue liquid with a hot solution of 6 grams, of 
gum arabic in 100 grms. of water. If, instead of the gum, a 
solution of 6 grms. of shellac in 100 grms. of alcohol be added, 
a varnish. is obtained which gives a fine black surfSace to specially 
prepared wood, leather, or brass. 

xo88 Aniline-bUick is an oxidation product of aniline, and is 
much employed in calico-printing, since it gives a deep, fast 

> Wolff, Jahrttb, Chem, 1879, 1159. 

' Erroneously called aniline-black by him ; Schultz, Ckem, SitinkohlenUieer, 
lOiS. 
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black, and can be produced on the fibre itaelf in conjunction with 
any other colours which can be fixed by steaming. 

Aa early as 183*, Runge observed that when a solation of 
cupric chlorido is spread on a porcelain plate healed to 100", 
and a drop of a solution of aniline nitrate added to the iij 
residue, a greenish black, stain is obtained (p. 1U5). 

Fritache, in 1843, found that a dark-blue precipitate is ob- 
tained by the action of potassium chlorate on a soluUon «( 
aniline hydrochloride,' and Hofmanu obtained the same resilt 
with chlorous acid.* In 1860 Wilm used this reaction for dj^eing 
cotton, and in the same year Calvert, Chff and Lowe, of Man- 
cheater, found that wheu a piece of cotton-cloth is saturated witii 
a dilute solution of potassium chlorate, dried and treated with a 
solution of aniline hydrochloride, a green colour is grwluaih 
dovoloped. wliicli ia fixed in the fibre and cannot be remoceii 
by washing. If the material be then passed through a solutina 
of potassium dichromate the Emeraldinc is converted into the 
black-blue Azurine. 

In 1SC3, John Lightfoot, of Accrington, found that wben the 
cloth is printed with a misture of potassium chlorate, aniline 
hydrochloride, and cupric chloride, and hung up in the ageing- 
room, a deep green is produced, which is converted into a fins 
deep black by soaping. 

Ou account of its fastness, aniline-block aoon came inia 
general use. It was then found that the above mixture attacked 
the metallic portiona of the printing ma<.'hines, and also ths- 
fibre of the material, and must therefore be improved Of 
various methods proposed for this purpose, that of Lauth haai 
proved the most convenient ; copper sulphide, obtained by 
decomposing copper sulphate with sodium sulphide, is used 
instead of a soluble copper salt ; it is only gradually oxidized, 
and prevents the presence of free hydroclJoric acid or oxide* 
of chlorine. 

Lightfoot also observed that salts of many other met4 
e.g. iron, cerium, vanadium, &c. could be employed instead 
those of copper. The compounds of cerium and vanadium 
however, so scarce that no one thought of applying tbem 
calico-printing. Ammonium vanatiate has since that ti 
become nn article of commerce, and ia largely used, in accordaoOl 
with Guyard's proposal, instead of copper sulphide, 
exceedingly small quantity is required, a very fine black obtainoj 

' Jmin,. 1'r.iH. Clmn. xww. 302. ' Jitn. Chfm. Phnr,n. xlrii. AT. 
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and the rollers and doctors of the printing machines are not 
attacked by it Chlorate of sodium or barium is now generally 
employed instead of the less soluble potassium salt. 

In the formation of aniline-black, the metallic compounds act 
as oxygen carriers, and therefore only those metab can be 
employed, the compounds of which are readily brought from a 
higher to a lower state of oxidation, and can then be reoxidized 
by the chlorate.^ 

The colour obtained in the manner described above was, how- 
ever, found not to be a permanent black ; on exposure for some 
time it takes a dirty green shada This alteration is caused by 
the action of sulphur dioxide, formed in the combustion of 
imperfectly purified illuminating gas ; other dilute mineral acids 
produce the same shade, which may be removed by washing and 
soaping. This discolouration may be prevented by passing the 
cloth, after the black has been developed, through a dilute solu- 
tion of potassium dichromate to which sulphuric acid has been 
added (Jeanmaire). 

According to Kochlin, aniline black only turns green when it 
has been prepared in the cold ; while when it has been developed 
at a temperature of TO"" no change takes place. 

Aniline-black is also formed by the action of potassium 
permanganate on aniline sulphate,^ and separates out at the 
positive pole when salts of anUine are electrolysed.* 

The homologues of aniline take no share in the formation of 
the black, and the finest, deepest colour is, therefore, obtained 
in calico printing when pure aniline is employed. 

Aniline-black is an amorphous powder, insoluble in all 
ordinary reagents ; it is a weak base, which has received the 
name nigraniline, C^^^s^^ and combines with two equivalents 
of an acid to form dark-green unstable salts, which are partially 
decomposed by water. On treating these, or the base itself, with 
a solution of potassium dichromate to which sulphuric acid has 
been added, the unalterable black is obtained as a violet-black 
powder, which takes a yellowish metallic lustre when rubbed. 
According to Nietzki, this is the chromate and contains about 
8*2 per cent, of chromic acid, CrOs. Aqueous sulphurous acid 
decomposes it, forming the alterable black, while chromium 
sesquioxide goes into solution (Nietzki). 

1 Gawd, BuU. Soe, Chim. [2], xv. 58. 

* R. Meyer, Ber. DenUch, Chan. Oe$, ix. 144. 

* Coqniflim, ML viii 1845 ; ix. 852 ; Goppelnt^er, ibid. iz. 59, 857, 1038. 
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Xiechtl aad Siiida diS'er entirely from Nietzki as to the com- 
position of auiline-blac'k buJ its derivatives. By tbe action ri 
barium clilorate on aniline sulphate, they obtained oniliot 
chlorate, crystallizing in absence of air in colourless priamd; ii 
presence of air these take a steel lustre, become blue-black, and 
are completely converted into pseudomorphs of aniliiie-bUcIc or 
emeraldiue, G,3H,jClNj. All the salts of this compound (.■onUin 
chlorine, which cimiiot be removed even by the action of aim 
oxide. The unalterable black is not a cliromate but contwni 
chromium sesquioxide, Cr^O,, and is also formed by the BL-titn 
of bleaching powder solution and other oxidizing a^nts on 
emeraldiue; it is an oxidation product of this, and therefore 
contains oxygen, wliile a portion of the carbon is evolved 
carbon dioxide during its formation.' 

Aniliue-black dissolves in coneentrated sulphuric acid with 
formation of sulphouic acids, the alkali salts of which disMlv< 
in water with a blue-black colour. The solution is decolouriied 
by reducing agents, but regains its original tiut on exposure Ut 
the air. 

On heating aniline-black with aniline acetate, an indnlme is 
formed, the hydrochloride of wluch crystallizes in needles having 
a cupreous lustre. 

When aniline-black is oxidized with chromic acid solution, t 
considerable quantity of quinone is formed, while on treatment 
with tin and hydrochloric acid, or liydriodic acid and phospbonu; 
it yields paradiamidobenzene and paradiamidodipheDylamioe^ 
together with resinous products containing hydrocarbons.' 

On heating with zinc dust, di phony laminc, diphenylt 
diamine, and diamidodiphenylamine, together with smsllet 
quantities of aniline, paradiamidobenzene and ammonia are 
formed (Liechti and Suida). 

MAUVEINE AND THE SAFRANINES. 

1089 The first aniUne dye which received practical applies* 
tion was discovei-ed by W. H. Perkin in the Easter vacatioiv 
1856." He writes: 

" It has boon known for many years that the hypoehloriUt 
react on aTiiline or its salts, producing a purple solution. Il 
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fact, hypochlorites are the distinguishing test for aniline ; but 
nothing definite was known of the nature of this purple solution 
it being simply stated that aniline produced with hypochlorites 
a purple liquid, but that its colour was very fugitive. 

" As many absurd statements have been made respecting the 
discovery of aniline purple, I will briefly mention how it was 
that I first became acquainted with it. 

" In the early part of 1856 I commenced an investigation on 
the artificial formation of quinine. To obtain this base, I 
proposed to act on toluidine with iodide of allyl, so as to form 
allyl-toluidine, which has the formula : 



C7H7 



^S?6 



In = C,oHi3N, 



thinking it not improbable that by oxidizing this I might obtain 
the desired results, thus : 

2(C,oH„N) + 03 = C^H^NjO, + H,0. 

^^ >s^ ' ^ S/ " 

Allyl-toluidine. Quinine. 

"For this purpose I mixed the neutral sulphate of allyl- 
toluidine with bichromate of potassium ; but, instead of quinine, 
I obtained a dirty reddish brown precipitate. Nevertheless, 
being anxious to know more about this curious reaction, I 
proceeded to examine a more simple base under the same 
circumstances. For this purpose I selected aniline, and treated 
its sulphate with bichromate of potassium. The mixture pro- 
duced nothing but a very unpromising precipitate; but, on 
investigating this precipitate, I found it to contain that substance 
which is now, I may say, a commercial necessity, namely, 
aniline jmrple** ^ 

The first aniline colour made a great sensation; Perkin 
patented it on August 26th, 1856, and prepared it on the large 
scale. Other patents were soon taken out for the preparation of 
this colour, and it came into the market under diflferent names, 
such as Tyrian purple, Aniline violet, Perkin's violet. Mallow 
dye or Mauve, &c. ; the last of which is most generally used. 

After Perkin had discovered the dye, he naturally investigated 
the action of bleaching powder on salts of aniline, to determine 
whether aniline purple was formed or not, but he obtained no 
definite results. Some years after, however, mauve was prepared 

^ Quart. J&um, Chem, Soc. xiv. 232. 
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on the large scale iii France by Range's reaction, and Ferkil 
found that it can readily be obtained in this manner, but tk 
it IB not the first product of the reaction. Runge, as we lai 
seen (p. 105), stated that a blue colouration is produced, and 
gave the name kyanol to aniline on account of this reaction. 
This colouration is obtained when a dilute solution of bleachii^ 
powder is adde<i in small quantities at a time to a solutioa of 
aniline hydrochloride. If, however, too much bleaching powicr 
be added, brown products are formed and the solution tales » 
dirty violet tint. Common salt added to the pure blue solotim 
precipitates a dark tarry mass, froni which cold bensene extractt 
a brown, reainous substance. The residue, which Perkin 
Runge's blue, forms a fine blue solution in alcohol, and dyes silk 
blue. On heating the solution, however, mauve is formed, 
that this substance is obtained by heating to boiling the 
product of the action of bleaching powder on an aniline salt' 

To prepare mauve according to Perkin's method a solution 
anihne sulphate, containing toluidine, is treated witli sufficient 
potassium dicliromate to allow of the formation of nonnil 
pot'iaaium sulphate. After about twelve hours a black 
cipitate settles out and is washed, dried at 100°, and extracted 
with light coal-tar oils to remove resinous products. The cdoup 
ing matter is obtained from the residue by treatment with boitiii| 
wood -spirit or ordinary alcohol, the yield amounting to 4to5 
cent, on the aniline employed. 

According to the method patented by Dale and Caro, wWcl 
was employed for a long time by Roberts, Dale and Co., of 
Chester, for the manufacture of mauve, a salt of aniline is 
with cupric chloride, the solution being kept neutral. A Ua< 
precipitate is formed, which is purified by the method jai 
described. 

The residue left after the extraction of the colouring matter 
aniline -black, or some very similar substance, and is used u 
black pigment. 

Mauve is the oldest of the so-called aniline dyes, but it m 
soon superseded by others, such as Hofmann's violet, Paris M 
&c., which are much more fugitive, but at the same time rot 
finer colours. At the present time mauve is only manufactis 
byPoirrior, of Paris, in small quantities, and occurs in comma 
as a paste ; it is used for EiigUsh stamps, and for giving a wt 
appearance to skeins of aUk.* 

^ • QuaH. Ji,uru. Chem. Ss-!. [2], vH. 25. ' Scliulti, SUintt-hlejitluirr.il 
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I&ccording to Perkin's researches, msuve is the sulphate of a, 
jwerful base, which he names Manvelne, CjjHj^N^, and which 

1 be subsequently described. 

ttauve'tne is not, as was assumed, a derivative of pure ben- 

jbe, and Perkin found that paratoluidine is necessary for its 

tatiou, which pi'oceeds according to the following equation : 

C^H-N + SCjHgN + 50 = Ca^H^.N, + oRfi. 

e aniline which was used for the maoufacture of the mauve 
By contained a few per cent, of paratoluidine, and hence only 
mall yield could be obtained. Mauve'ine should therefore be 
ribed among the derivatives of toluene, but as its constitu- 
i still completely unknovm, it may find its place here as 
B first aniline dye. 
Kin the preparation of mauve a similar, but much mora 
inble, colouring matter is formed ; Perkin has named. the hasa 
I this suhetance Pseudoniuuveiiie, Cj^H^jN,, and, as seen from 
I formula, it is not a lower homologue of mauveVne. Perkin 
siders it to be a derivative of pure aniline, as by the oxida- 
a of the latter he obtained a colouring matter which resembles 
nidomauveine in every respect. It seems not improbable 
t the mauve obtained from aniline by the action of bleaching 
wder is a salt of pseudomauveme. 
■logo Previous to his discovery of pseudomauveine, Perkin 
I observed a fine red colouring matter which is obtained from 
Buveine by oxidation. This was brought into trade for a long 
under the name of Ani/ine-pinl:, or SafTanine, but its 
:ation was given up on account of its costly nature. 
lAt a somewhat later period a safranine with very similar pro- 
was introduced and is still manufactured. It is a 
rivative of orthotoluidine, has the formula CjjHjjN^CI, and is 
mposed by silver oxide, but not by alkalis (Hofmann and 
syger),' It is now called tolusafraniue, to distinguish it from 
e compound obtained from mauveine, which is the next lower 
mologue,- aud has been named parasafranine by Perkin. 
^An entire series of safrauines is now known. A general 
sithod for their formation is the oxidation of a mixture of one 
iolecule of a paradiamido-hase with two molecules of a mono- 
Boido-base in a hot, neutral, aqueous solution. Potassium 
icbromate is generally used as the oxidizing agent. The 
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simplest coinpounil, phenosai'raniue, is obtained &om paradi- 
aiuidobeiizene and aaUine ; 

CgHgNs + 2CaHjN + 40 = C^iS^^S^ + 4H.0. 

As it is necessary to work with tlie salts of the amido-bafiea, 
& suit of the safi&mne, and not the free base, is formed. Whet 
the hydrochlorides are used, the e)doride, C,gH,5N,Cl, is obtained; 
this is generally considered as pheuosafranine hydrochloride, 
CjgHj^N^.HCl, although, like all salraiiine salt^, it behaves as & 
salt of a compound ammonium, the base being probably a 
hydroxide, OijH|bN,.OH. The formulae which have Mtlietta 
been given to these bodies will be used in the sequel. 

Safranines are also formed when one molecule of aniline and 
one molecule of orthotoluidine or metatoluidine, or two molfr- 
cules of the latter are substituted for the two molecules of ani- 
line. One molecule of tlie monamido-base may also be replaced; 
by paratoluidine, but if two molecules of this be used, the form- 
ation of the colouring matter does not take place. A molecnit. 
of monometliylaniline, dim ethyl aniline, &c., may be eubstitntcii 
for one of the molecules of aniline, but if two moleoiUes of a 
secondary or tertiary monamine are employed, no safranines are. 
obtained. They are also formed when asymmetric diethyl^ 
diamidobenzene, NHj.CgH^N(CjH^)j, is used, but this cannot bs 
replaced by the symmetric compound C„Hj(NHCjHj)j. "~ 
paradiamiuea may be replaced by substances such as thi 
dichloroquinone-imides, or the tertiary nitrosamines, whidi 
yield a paradiamido-compound on reduction, and have a direct 
oxidizing action on the mmiamines. 

On oxidizing a mixture of a paradiamiue and a monamine si 
the ordinary temperatiore, blue, green, or violet substances an 
obtained, some of which remain unchanged, while others decoiH' 
pose, forming safranines and other compounds. If, however, I 
oxidation be carried on in a warm solution in presence of J 
monamine, the formation of the safranines proceeds smoothly.* 

These have the general formula CdHjo-kN^, or more profc 
ably CjHsn-siNjOH; the free bases are almost unknown, t 
they form salts which, iu most cases, crystallize well, Sre i 
decomposed by alkalis, and are red to violet dyes. On t 
ment with reducing agents, they take up four atoms of hydrcgel 
and are converted into colourless substances, or leucosi^ranm 

'_ Wilt, Jiiim. Hoe. Chnn. Ind. 1P82, 



A'hich are readily re-oxidizet], even by exposure to the air. 
According to Nietzki, they behave hke other colouring matters, 
Mid only take up two atoms of hydrogen on reduction.^ 

All safranines form splendid green solutions in sulphuric acid ; 
on the gratlual a<Jdition of water, the colour changes first into a 
bluish green, and then into a pure blue. If more water he then 
added, the solution becomes colonred purple-hlue, and passes 
through all inteiToediate shades back to the original colour of 
the safraniue. 

This, as well as some other facts, which will be subsequently 
mentioned, points to the conclusion that the safranines not only 
form a normal salt containing one equivalent of an acid but 
also a monacid blue, and a diacid green compound, both of 
which are decomposed by water. This is confirmed by the 
observations of Landauer. who has found that each of the 
coloured solutions possesses a characteristic absorption spectrum : 
'• The green solution absorbs the violet, blue, and red rays, the 
bluish green behaves similarly, hut absorbs less in the red ; the 
blue solution only absorbs yellow light, and as the colour 
changes to violet and red. the region of absorption approaches 
the green." 

Landauer has also observed that the change of coloare takes 
place in the inverse order when the solution b evaporated, and 
is reproduced on re-dilution as described above. By soaking a 
piece of filter-paper in a concentrated solution of the sulphate, 
warming it until it had become green, and then allowing a drop 
of water to fall upon it, he obtained immediately a red spot 
surrounded by a deep blue ring. He nrgues from this that the 
change of colour is due to the formation of different hydrates,' 
but it seoiua more probable that the other explanation is correct, 
and that Landauer'a substance contained free acid. 

1091 MiiuvrXne. C,;HyN^. Perkin obtained the free base by 
adding caustic potasli to a boiling solution of commercial crystal- 
lized aniline-purple or mauve, which he found to be the sulphate, 
fCjjHjjX^jjSOjHj. The base separates out on cooling as an 
almost black, glistening, crystalline jMjwder. It is almost in- 
soluble in ether and benzene, but forms a violet solution in 
alcohol, wliich becomes purple on the atidition of an acid ; strong 
acids change the colour to blue, and, on further addition, to 



dirty green. Mauveine ia a strong base, and readily decom|>oses 
ammonium salts.' 

Afaiiveine hydroehloTidc, CpE^jN^-HCl, separates from a boil- 
ing alcoholic solution in small prisms having a strong greeD 
metallic lustre. It is moderately soluble in alcohol, less so in 
watery Rnd almost insoluble in ether. If a solution of platinoin 
chloride be added to the warm alcoholic solution, mauveine 
platinichloride, (CjjHoiNJgHjPtClfl, separates out in OTstali 
with a splendid green surface lustre, which become golden- 
coloured on drying. 

When strong hydrochloric acid is added to a c(mcei)tiat<4 
solution of mauveine acetate, the blue liquid soon deposiU 
crystals which have a cupreous lustre and appear blue by tram- 
mitted light. This compound is the acid salt Cj,Hj,NJ(HCilp 
for it gives a pi atini chloride, C^Hj^N^.H^PtClg, which al» 
possesses a blue colour and a cupreous lustre. Both compounds 
are decomposed by water.* 

Mauve'ine hydrdbrcmidt, C„H„Nj.HBr, is similar to tie 
hydrochloride but less soluble. 

Mauveiite Ju/driodide, CjyH„,N4.HI, crystallizes in prisms with 
a green metalHc lustre and is still less soluble than the hydro- 
bromide. 

Acid mauveine carhmiate, CjjHjjN^JTgCO,. When a solatioa 
of the base is allowed to stand over mercury in contact wiih 
carbon dioxide, the latter is rapidly absorbal, and the violet 
solution becomes purple. In order to prepare the carbonale, 
carbon dioxide is passed through boiling alcohol containing 
mauveine in suspension. The salt separates out on cooliog io 
prisma having a green metallic lustre, which are apparentl; 
mixed with a little of the normal carbonate, It rapidly loW 
carbon dioxide in the air, and is completely decomposed at lOV. 

Mauveine acdaie, C^Hj^N^.C^H^Oj, also forms fine crystals 
with a green metallic lustre. 

Ethylviaiiveiiu was formerly prepared on the lai^e scale ; it; 
is formed when the acetiate is heated with ethyl iodide nnd, 
alcohol. The cooled solution is filtered from the crystals of 
mauveine hydriodide which are deposited, the excess of ethyl 
iodide removed by distillation, and the residue diluted wili 
alcohol and brought into the market under the name of dakli*.- 
It dyes a shade which lies between those of mauveine 



^Bsaniline. and is as fast as mauve. la its preparation, gplendid 
^Eyatals witb a golJen green metallic lustre and of the compoai- 
^■Dn C^HjjCCjHj)^^.!!!.!, are frequently formed. 
^^£thi/lmauveiTie hydrocJiloride, C^^,^(C^^J^^.'H.Cl,is prepared 
^■nn the liydriodide by double decomposition with common salt. 
^B is 3 brownish red, crystalline powder, which forma a.purple- 
^Hd solution in alcohol and is not decomposed by alkalis. The 
^Htrate forms crystals having a green metallic lustre. 
^^J^eudomauvtine, CjjH.gNj, is very readily soluble in alcohol; 
^K allowing the solution to evaporate and grinding the residue 
^Eth -water, the liquid takes a satin lustre, showing that the 
^Kk is probably crystalline. It dyes the same shade as 
^^wiveine, gives the same reactions witb sulphuric acid, and 
^Buiily absorbs carbon dioxide, 

^■J^Mfowwiwiviree hydrochloride, CjjHjoNj.HCI, is precipitated 
^H strong hydrochloric acid from a solution of the base in dilute 
^ndrochloric acid. It is tolerably soluble in water, and so readily 
^B alcohol that the solution can be evaporated to a syrup without 
^Ke salt separating out; on evaporating to dryness, a residue 
^Kving a golden green metallic lustre is left behind. 
^■11093 Paraaaframnc, C^HuN^, is obtained by the gradual 
^Bdition of lead [)ero>dde to a boiling solution of mauve acidified 
^Htb acetic acid ; ' manganese dioxide and siilphuric acid may 
^Bbo be employed as oxidizing i^ents.'^ In this reaction there 
^B also formed a much less soluble purple colouring matter, 
^Hiich yields colourless products on further oxidation. Tliis 
^Brsistently adlieres to the parasafranine and can only be 
^■moved by adding caustic soda to the concentrated solution, 
^Htering, precipitating the parnsafranine by common salt, and 
^K>eating the operation until the purification is complete. The 
^Boduct consists of the hydrochloride and is obtained pure by 
^■crystallization from water and dilute hydrochloric acid. 
^M Farasa/ranine hydrochloride, CjgHjjNj.HCI, forms crystals 
^Builar to those of magenta, which have a green metallic 
Toatre, are readily dissolved by water, and dye silk a splendid 

Bcarlet-red. 

Pttrasn/raninc nitrate, CgjHigN^.HNOj, is slightly soluble in 

cold, more readily in hot water, and crj-stallizes from hot 

alcohol in long needles with a dark green metallic lustre, which 

appears dark garnet-red by transmitted light. 

i. 728. 
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Phtnosafmninf, Cj^Hj^N,, is formed by osidizuig u hiit 
solution of two molecules of auiline and oue molecule of 
paradiamidobenzene,' or of equal molecules of aniline and para- 
diaraidodiphenylamiue with potassium dicbromat*,' or 1^ 
treating aniline with nitrous acid, reducing the product, whieb 
contains aniido-azobenzeue, with tin and hydrochloric acid, tsi 
then oxidizing with a boiling solution of potassium dicbroniau!.* 

When pseudomau veins is oxidized, a colouring matter rn- 
semblin.^ parasafraniue and which b perhaps phenosafratiine, it 
obtained (Perkiu). 

PhcnosafTanine hydrochloride, C,gH,jNj.HCl. crystallizes itt 
flat needles having a beetle-green lustre, which are sU^lly 
soluble in cold, readily in hot water. Hydrochloric acid pre- 
cipitates it almost completely from its aqueous solution. The 
nitrate is a similar substance, and the sulphate forms long, steel- 
blue needles. On heating the hydrochloride with acetic anhydride^ 
diacetyJphenosafrani'nt hydrochloride, C,gH,jNj(CjHjO)j.HCl, ii 
formed in small, brownish red plates having a metallic lustie, 
which are insoluble in the ordinary solvents, biit form a violei- 
red solution in weak alcoholic caustic soda, while on liefttiii| 
with a strong alkabnc Eolution they are decomposed into i 
acid anil phenosafranine. 

When sodium nitrite is added ia a solution of pbenosafraniM 
acidified with hydrochloric acid, 'a blue colouration is prodau ' 
and on the addition of gold chloride, fine, greenish grey needles 
diazo phenosafranine aurichloride, CjgH,jN5Clj(AuCl3)j, sepuats 
out. The corresponding chloride has, therefore, the compositiaB 
CigHj3N3CIN'=NCl. Since the salts of the djacid diazophenft- 
safranine are coloured bloe, like the unstable monacid salu of 
phenosafranine, it seemed probable that green diacid salts uf ^ 
diazo-compound, the chloride of which would have the formill* 
CjgHi,N^ClCN,Cl}j. might be obtained. Nietzki, therefore, 
added water to the green solution of phenosafranine 
sulphuric acid until the colour began to change to bluiiA 
green, cooled the liquid with ice, and then added sodium nitrtti 
The solution thus obtained was coloureil green and w» 
altered by the addition of water; clearly, therefore, a diat» 
compound bad been formed, but ci>uld not be further investi- 
gated on account of its instability, 

' Wilt. Jaxtrn. Cheat. Indiul. 1332. 

' Nistiki. Brr. IMiOfk. Clfm. Cr.». ivi. i06. 

* Bindichedler, ibUl. xvi. 87D. 
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On heating phenosafranine to 170** with strong hydrochloric 
acid, ammonia is eUminated and a substance is formed which 
resembles aniline black very closely (Nietzki). 

1093 Diinethyljphcnylcne' green f^^^^^^. When an aqueous 
solution of equal molecules of dimethylaniline and dimethyl- 
paradiamidobenzene, containing zinc chloride, is heated to about 
30** and treated with sufficient potassium dichromate to Hberate 
two atoms of oxygen, splendid crystals of (CigH2QN3Cl)2ZnClo 
separate out after a few minutes ; these have a cupreous lustre, 
and are insoluble in alcohol but readily form a green solution 
in water. The solution dyes silk a yellowish green but the 
colour is not very fast.^ Alkalis change the colour into blue, 
and acids into dirty violet ; the acid solution is decolourized on 
heating, quinone being formed. 

The iodide, Ci^HgoN^I, crystallizing in splendid green needles, 
is obtained by the action of potassium iodide on the zinc 
double salt.^ 

If mercuric cldoride be used instead of zinc chloride in the 
preparation of the green, the compound (CigH2oN3Cl)2HgCl2, 
which also crystallizes well, is formed. On decomposing this 
with sulphuretted hydrogen and making the solution alkaline, 
letLCodinuthylphenylene-green, CigH^^Ng, is obtained and may 
be extracted with ether ; it crystallizes from petroleum spirit in 
large, yellow, quadratic plates, melting at ll\f (Bindschedler). 
This is undoubtedly tetramethyldiamidodiphenylamine, for on 
oxidizing an ice-cold mixture of paradiamidobenzene and 
aniline, a blue solution is obtained which contains a compound 
C^gHiiNj, corresponding to the green ; this is so extremely 
unstable that it cannot be isolated. On treating its solution 
with zinc-dust and hydrochloric acid, paradiamidodiphenylamine 
(p. 244), C12H13N3, is formed and is reconverted into the blue 
compound on oxidation, just as the leuco-compound of the green 
is changed into dime thy lene-green. 

The formation of the blue compound may be simply explained 
by the following equation : 

/NH.aH,.NH2 /N.CeH,.NH2 

CoH / + O = CeH / I + H2O. 



* Bindschedler, Bcr. Dcutsch. Chcm. Ges. xvi. 864. 
- Nietzki, ihid, xvi. 472. 
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Metbylene-greea is an ammonium compuuud, and is probably 
formed I'rom the hydrocliloride of the leucobase as follows : 



,NH.C.H..N(CH,), /N.C.H,.N(CH,L 

an/ + O = C<,H,< I +H,0. 



Its fonoation from dimethjianiline and dimetliylparadiamido- 
benzene can also be readily understood. 

Tetramelhylphenosafmninf, C,gHj,N,(CHj),. is obtained when 
a boiling solution of equal molecules of the zinc double salt of 
the greeu and of aniline acetate is oxidized with potassiam 
dichromate. Its hydrochloride is remarkably soluble in water 
and alcohol. The nitrate, CjjHjjN^.HNOj + H,0, separates from 
solution in brownish violet, prisraatic masses which are aggrega- 
tions of smaller crystals of varying length, and therefore hare 
rough surfaces. The salt loses its water at 130° (Bindschedler). 

a-I}ieihylphenosa/ranine, C^fi^^^{C^'ii^)^, is prepared from 
the asymmetric diethylparadiamidobenzene and aniline; iU 
hydrochloride crystallizes in fine needles with a green reflection. 
Its solution, acidified with hydrochloric acid, is coloured blue bj 
the addition of sodium nitrite. The diazo-compound wliich 
formed gives a platinichloride, Ci3H„Ns(CgHj)2PtCIj, crystallizing 
in almost black needles. 

^-Hicihy/phcnosa/ranine is obtained by oxidizing equal mole- 
cules of paradiamidobenzene, aniline, and diethylaniline ; its 
hydrochloride is nmch more soluble than that of the ai 
pound. Its diazo -platinichloride forms crystals having a cupreoii* 
lustre. 

When either of these isomeric compounds is heated 
acetic anhydride, only one atom of hydrogen is replaced by 
acetyl. The compounds thus obtained crystallize in needles 
having a brown reflection, and have only a slight dyeing power, 
while the two diethylphenosafranines dye pilk a magenta-red 
(Nietzki). 

Tetra-et/iT/lp/ii'nosafTanint, CigHi(|N,(CgHJ,, is formed when a 
mixture of diethylparadiamidobenzene, diethylaniline, and ani- 
line is oxidized. A purer product may be obtained by converting 
the two diethyl bases into the compounds corresponding to 
Bindschedler'a green, and heating these in aqueous solution 
vnth aniline hydrochloride and potassium dichromate. Tho 
hydrochloride is very readily soluble in water, and forms a zinc 
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double salt crystallizing in small lustrous, golden plates. The 
colouring matter dyes silk and wool violet, producing a beautiful 
fluorescence in the former ; it is, however, very fugitive. 

Tetra-ethylphenosafranine is not attacked either by nitrous 
acid or acetic anhydride (Nietzki). 

Constitution of the Safranines. These compounds are formed 
from one molecule of a paradiamine and two molecules of a 
monamine by the elimination of eight atoms of hydrogen. Two 
of these are derived from one amido-group of the diamine, and 
an equal number from that of the aniline or other monamine. This 
follows from the facts that phenosafranine undoubtedly contains 
two amido-groups, and that di- and tetra-ethylphenosafranine 
can be prepared. The four remaining atoms of hydrogen must 
therefore be removed from the aromatic nuclei. The stability of 
the safranines and their derivatives renders it probable that two 
of the aromatic nuclei are directly united, while the third is con- 
nected with one of the others by a nitrogen atom, as is shown 
by the formation of phenosafranine from paradiamidodiphenyl- 
amine, and of tetramethylphenosafranine from Bindschedler's 
green. It must also be borne in mind that the safranines 
behave as ammonium compounds and, therefore, contain penta- 
valent nitrogen. 

The following formula for phenosafranine is consistent with 
all these facts, and at the same time explains why four atoms of 
hydrogen are required for its reduction to a leuco-compound : 



C1N< + 4H = HN< + HCl. 



N— C^H, CeH,.NH 



CgH^.. 



2 



This formula also explains the existence of two isomeric 
diethylsafranines, each containing an amido-group. 

The composition of pseudomauveine corresponds to that of a 
phenylphenosafranine. Since, however, its salts are decomposed 
by alkalis, it cannot belong to this class, and is therefore, an 
amido- or imido-base. 

1094 The Indophenoh, These blue colouring matters were 
discovered by Kochlin and Witt. They are formed when equal 
molecules of a paradiamine and a phenol are oxidized in a 
neutral or slightly alkaline solution, or when the alkaline solu- 
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tion of a phenol is heated with a tertiary nitrosamine.^ Thqr 
are converted by reduction into colourless compounds which 
unite with acids to form salts. In the presence of alkalis, how- 
ever, they are rapidly reoxidized, the original colouring mattos 
being formed. 

PJunol'hluCy Ci^Hj^NgO, occurs in commerce as a paste, and u 
prepared by oxidizing a mixture of phenol and dimethylpara- 
diamidobenzene : 

C0H5.OH -f NH2.CoH,.N(CH3)2 + 20 = CeHp:N.CoH,N(C^ 

+ 2H.0. 

It is also obtained from phenol and nitrosodimethylaniline : 
CeH,. OH + N O.CeH,.N(CH3) . = CeH,0:N .CeH^.N (CHj)^ + H,0. 

On heating dimethylphenylene-green with caustic soda, di- 
methylamine is formed together Avith a colouring matter, which 
is probably phenol-blue.^ 

Trichlorophenol-blue, C^^Jl^filj^^fi. Smith and Andresoi 
obtained this compound, which they term trichloroquinonedi- 
methylanilenimide, by the action of trichloroquinonoxime chloride 
on dimethylaniline. It crystallizes in needles, which are very 
elastic and tough, give an azure-blue streak, and appear golden- 
green by reflected light when the beam of light falls in one 
plane with the longer axis, but deep-red when it is perpendicular 
to this axis. It is almost insoluble in water, slightly soluble in 
colli, more readily in hot alcohol, and readily in ether and benzene, 
forming deep greenish-blue solutions, which produce fast colours 
on animal fibres. 

Reducing agents convert it into trichlm^odimcthylanilcnamid(>' 
'phenol, Ci4Hj2Gl3N20H, crystallizing in colourless needles, 
which become deep blue and fuse at 138° — 139°. It fonns 
stable salts with acids, and, as a phenol, also combines with 
bases ; the compounds thus formed, however, cannot be isolated, 
as they are reoxidized with great rapidity on exposure to air.^ 

The constitution of these compounds may be deduced both 
from their formation and their decomposition. Phenol-blue is 
decomposed by heating with hydrochloric acid into quinone and 

^ Joum. Ohem. Indust. 1882, 255. 

' Mohlau, Bcr. DetUsch. Chem. Oes. xvi, 2855. 

' Joum, PraJct. Chcm. [2], xxiv. 434. 



tioQ of a pheiiui is heated with a tertiary nitrosamine,' They 
are converted by reduction into colourless compounds whick 
unite with acids to form salts, In the presence of alkalis, how- 
ever, tbey are rapidly reoxidized, the original colouring matten 
being formed. 

Phenol-hluf, CuHnNjO, occurs in commerce as a paste, and 'a 
prepared by oxidizing a mixture of phenol and dimelhylpani-. 
iliamidobenzene : 

C'jHjOH + NHj,C„H,.N(CH3\ + 20 = CuHjO:N.O«H,NfCH;, 
+ 2K,0. 

It is also obtained from phenol and nitrosodiraethyiamlijie : 
C^Hj-OH + NO.CuHj.N(CH3)3 = C«H,0:N.CoH^.N{CH^, + H,0, 

On heating dimethylphenylene-green with caustic soda, di- 
raetliylarniiie is formed together with a cnlouriog matter, which 
is probably pbenol-blue.' 

Trichiorophenol-Uue, C„H„ClsNjO. Smith and Andreaen 
obtained this compound, wliich they tenn trichlonxpiinoneili- 
metliylaniienimide, by the action of trichloroiiuinouoxinie chloaidii 
on dimethylanilinc. It crystallizes in needles, which are tctj 
elastic and tough, give an azure-blue streak, imd appear goklea- 
green by reflected light when the beam of light falls in one 
plane with the longer axis, but doep-red wlien it is perpendinilar 
to this axis. It is almost insoluble in water, slightly soluble iai 
colli, more readily in hot alcohol, and readily iu ether and benzene, 
forming deep greenish-blue solutions, which produce fast coloui 
on aoimat fibres. 

Reducing agents convert it into trichliyrodijtulhylaniltaamii't- 
phctiol, CnHjjCljNjOH, crystallizing in colourless ueedl«4 
which become deep blue and fuse at 138° — 13!)°. It fomtt 
stable salts with acids, and, as a phenol, also combines witl( 
I>:wes; the compounds thus formed, however, cannot be isolated, 
as they are reoxidized with great rapidity on exposure to air.' 

The constitution of these compounds may be deduced both 
from their formation and their decomposition. Phenol-blue " 
decomposed by heating with hydrocliloric acid into quinone a 

' Joiim. Chem. Indual. 1882, 2.15. 

- Mohlau, H'-i: DffUsch. Chem. G'-k. x\-i. 2855. 

' Jaum. Prail. Cliem. fJ), i«Lv. 131. 
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dimethylparadiamidobenzene; its constitution is therefore ex- 
pressed by one of the following formulae (p. 169) : 

CO/' ^C = N.CeH,.N(CH3)2. 



1 vCH— CH<^ 
O 



N.C,H,.N(CH3),. 



By combination with hydrogen, the leuco-compound, 
HO.CeH^.NH.CeH,.N(CH3)2, is formed. 

Gallocyanine and naphthol-blue, which is usually called " indo- 
phenol," are more important compounds of this class and will 
be subsequently described. 

Dihromoquinonephenolimide, CgHgBrgO : N.CgH^.OH, is formed 
by the action of dibromoquinonoxime chloride on a solution of 
phenol in caustic soda, or when dibromoparamidophenol and 
phenol are oxidized in alkaline solution. The sodium salt 
is first obtained in golden-green crystals, which form a blue 
solution in water. On treating this with acetic acid, the phenol- 
imide is obtained, crystallizing in dark-red prisms with a metallic 
lustre, which dissolve in water with a magenta-red colour. 
Hydrochloric acid decomposes it into quinone and paramidodi- 
bromophenol, while sulphurous acid reduces it to the leuco- 
compound, HO.CeH2Br2.NH.CeH^.OH. 

Mohlau considers dibromoquinonephenolimide as an indo- 
phenol, and proposes to name the colouring-matters previously 
mentioned indoanlls} 



SULPHURETTED COLOURING MATTERS 
DERIVED FROM AMIDO-BASES. 

1095 These compounds were discovered by Lauth, who found 
that when the aromatic diamines are heated with sulphur, com- 
bination takes place and bases are formed which yield splendid 
violet colouring matters on oxidation ; he also obtained them in 
a more simple manner by dissolving the hydrochloride of the 

' Ber, DetUsch. Chem, Ota. xvi. 2843. 
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diamine in a large amouut of sulpliuretted hydrogen water and 
then adding ferric chloride.' 

The colouring matter obtained from paradiamidobenzene haa 
been carefully investigated by Koch,* and subsequently by 
Bemthaen.^ The latter found that it Is also obtained when 
paradiamidodiphenylamiue is heated with sulphur and the pro- 
duct treated with ferric cliloride, as well as by first reducing the 
product obtained from paranitraniline and then oxidizing with 
ferric chloride. Finally, he prepared it from thiodipheny lamina. 

Zatdk's Viola or Thioninc* Injdrochloridc, Ci^HgN^S.HCl, ia 
only slightly soluble in cold, somewhat more readily in hot 
water, with an intense violet colour, which appears violet-red 
by transmitted, and violet-blue by reflected light. It crystallizes 
from a very slightly acid solution in thin prisms or small needles 
with a beetle-green lustre. It is almost completely precipitated 
from its aqueous solution by concentrated hydrochloric acid, but 
on the addition of an excess of the acid it redissolvea with a fine 
dark-blue coloiu*. Both the free hiise and its salts dissolve in 
concenti-ated siJphuric acid with a fine green colour, which ia 
first turned blue and then violet by the addition of water, just 
as in the case of the safranine.i. Like most of the other colouring 
matters of tliis group, Lauth'a violet forma a compound with 
filter-paper ; on allowing a drop of the solution to fall on a piece 
of paper, a tolerably well-definetl violet stain is produced, round 
which the paper becomes moist, but ia not coloured. 

Thioninc, C,jHpNjS, is obtained by the precipitation of itt 
salts with ammonia or caustic soda, as a black crystalline powder, 
or, from a hot solution, in small needles with a feeble green 
surface lustre. It is only slightly soluble even in hot water, and 
somewhat more readily in alcohol ; its solution is a redder shade 
of violet than the solutions of its salts, and shows a fine brownish 
red fluorescence. 

Zeucothionine, or Latdk's White, Ci5Hj(NjS, is obtained by 
treating a boiling alcoholic solution of the violet with a mixture 
of ammonia and ammonium sulphide until it has become light 
yellow, and then diluting with an equal volume of water. The 
base separates out on cooling in small, colourless or slightly 
yellow plates, which are re-oxidized in the air with great rapidity. 



» Bcr. DfitlxSt. Chcm. Ges. ix. 1035. 

* yinn. Chart. Pknrm. Cduii. 73 and 108. 

' From fl.r<,», lulphur, and t4 lar. the violet, i 



» Ibid, xii, 2069. 
a Ttolet dye coDtaiaing 
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on drjiDg in an atmosphere of carbon dioxide become 
jerficially coloured dark-green or black-blue. 
I The compound is much more stable in the dry state or in acid 
^ution than in a moist condition; its solution is coloured a 
blendid violet by ferric chloride. 

I The two other isomeric diamidobenzenes do not yield ana- 
[ous colouring matters (Koch), while, on the other hand, 
similar compouuda may be obtained from methylparadiamido- 
benzene and dichloroparadiamidobenzene.* 

Similarly, the diamidobenzene obtained from ni trace t-tolu id e 
yields a reddish violet, while paradiaraidotoluene yields a violet-red 
(Lauth). 

Lauth's colouring matters have received no practical applica- 
tion, since equally fine violets can be more cheaply prepared. 
Melkyknc-blue-, on the other hand, which was discovered by 
Caro,* and belongs to this group, soon came into general use. 
In order to prepare it, a solution of dimethylaniline in hydro- 
Uoric acid is treated with nitrons acid or sodium nitrite, and 
Bienwith sulphuretted hydrogen, the nitrosodimethylanilina first 
med being thus converted into dimethylparadiamidobenzene, 
fthe treatment ivith sulphuretted hydrogen ia continued until 
She solution has lost its yellow colour and is covered with a blue 
mm, at which stage ferric chloride or potassium dicliromate is 
Wed until the smell of sulphuretted hydrogen has disappeared. 
B liquid is then saturated with common salt and treated with 
jjie chloride to precipitate the colouring matter, which ia 
ptered off, rediasolved in water, and reprecipitated by common 
■It and ziuc chloride ; the residue is then filtered off, pressed, 
md dried. 

Methylene -blue may also be prepared by heating helianthine, 
C,H^(SOBNH,)NjC„Hj.NHj.with ammonium sulphide to 105°— 
JLIO" and oxidizing the product with ferric chloride, It is 
I formed when tetramethyldiamidodiphenylamine, obtained 
' the reduction of BiTidschedier's -green, is treated with sul- 
^uretted hydrogen and ferric chloride.' 

J Methylene-blue produces a fine, fast blue on cotton mordanted 
^ith tannate of antimony ; it dyes wool and silk directly, but 
! not give a fast shade. It is also employed for dyeing 
iather and jute, the latter of which readily takes up the colour. 

' neriitliBcn find Frrinkel. Ann. Cl,na. Fharm. cckix. 116. 

= ifrr. Dm'Kk. Chcm. &'<■» xi. 1705. 

• Barntharn, Ibid. nvi. 2903 ; Anii. 0*«iii, Pharm. owtw. 167. 
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Koch was the first to mvcatigate this compound, but lid 
obtained an iucorreet formula for it ; ^ this has boen accurately 
detcrmtued by Bemthseo, who has also pointed out the constitu- 
tion of these sulphur- containing colouring matters (p. 33G).' 

iog6 Mdhykru:-bhie orTHramtihylthionine cA/oTTde.CoH^^NjSCl 
+ 3HjO. When the precipitate obtained by common salt 
and zinc clilorido is dissolved in water and the solution evapor- 
ated, a mixture of the chhiride and its zinc double-salt is obtained 
in crystals having a cupreous lustre. After repeated crystalliza- 
tions from hot, dilute hydrochloric acid, these consist of the 
pure chloride, crystallizing in small tablets, the suiface planea 
of which have a copper- or bronze-lustre, while that of tha 
planes of fracture is beetle-green. It yields a lustrous, bronze- 
coloured powder, which loses all its water an<] becomes coloured 
dark indign-blue at 150°. It dissolves in cold water, forming a 
splendid blue solution, which appears greenish-blue in thin, and 
bluish violet in thick layers. When a drop of the solution is 
placed on filter-paper it behaves in a similar manner to Lauth's 
violet ; the colour is not altered by dilute acids or alkalis. 

Methyiene-blue dissolves in concentrated sulphuric acid with 
a dark-green colour, which is changed to blue by the addition 
of water. 

Potftssiuni iodide precipitates the iodide, CjgH,gNgSI quanti- 
tatively from an aqueous solution of the chloride or the commercial 
product; it crystallizes from hot water containing a little hydr- 
iodic acid in needles having a dark bronze lustre. Potassium 
dichi-omate precipitates the colouring matter completely as the 
purple-violet chromate. 

Tdmmdliyllhionine hydraxule, C„HjgNjS.OH, is most readily 
obtained by treating a solution of the chloride or iodide with 
fresldy -precipitated silver oxide. On evaporating in vacuo, the 
base is left as a dark, amorphous mass, which takes a green 
metallic lustre when niblied, dissolves in water forming a aymp, 
and is readily soluble in alcohol. It precipitates metallic salta, 
c.ij. ferric chloride, the hydroxide of the metal being formed, 
and ie very unstable, especially in solution. Its decompositioa 
products will be aubaequently described. 

Metkiflcne-ia/iUe, or Tttrametht/l-Uucnthionine, C,aH,jNjS, ii 
best obtained by reduction of the blue with an alkaline sohitioo 
of sodiimi lijTy)su]pliite. It crystallizes from ether in flat needles 
}iaving a satin lustre and a penetrating smell resembling that of 
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ihe lubster, and from alcohol in long, yelluw, lustrous needles, 
readily soluble in water. It rapidly reoxidizes even when quite 
dry, tlie change being effected iu solution as rapidly as in the 
case of iodigo-white, niethylene-blue and decomposition products 
of this being formed. It is more stable in acid solution. It3 
zinc double-salt, SCioHjoNgSCl + ZnClj, forms prisms readily 
soluble in water. 

In the preparation of raethlyene-blue, a red colouring matter, 
which is not precipitated by zinc cldoride, is also formed, and 
will be described later on. 

Tbe formation of methylene-blue is employed as the most 
certain and delicate reaction for the detection of sulphuretted 
hydrogen in neutral or acid solution.^ 

In testing for a trace of the gas in an aqueous solution, 2 per 
cent, by volume of filming hydrocliloric is added ; a few gi-aius 
of di methyl paradiamidobeuzene sulphate are then dissolved in 
the liquid, and one or two drops of ferric chloride added. The 
addition of a large quantity of acid is necessary to prevent the 
formation of the red colouring matter. 

In a litre of water containing 000009 grms. of sulphuretted 
hydrogen, the colouration became visible after a few minutes, and 
after half an hour the liqiiid was coloured a pure blue. This 
solution, before the addition of the acid, only gave a faint brown 
colouration with lead acetate, and in the presence of acid remained 
perfectly colourless. 

A litre of water containing only 0'0000182 gnns. of sulphur- 
etted hydrogen after standing for half an hour showed a distinct 
colouration when the vessel containing it was placed on white 
paper and the solution examined from above. The pure blue 
colour remained, as in the preceding case, for several days, while 
the presence of sulphuretted hydrogen in the solution could not 
be detected by means of lead acetate or sodium nitropnisside. 

Methyl en e-biue has also been applied in physiological re- 
searches.* " It is an important bacterioscopic reagent. According 
to Ehrlich, Koch, and others, it surpasses the greater number of 
colouring matters which have been employed, especially for dry 
preparations. The baccilli of tuberculosis, of glanders, and of 
cholera, were first diacovereii by the aid of methylene-blue." 

" It is especially adapted to serve as a measure of the reducing 
power of the organism. Dreaer and Ehrlich simultaneously 
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found that methylene- blue is reduced to methylene- white in t 
parenchyma of the body, thus affording a new proof of th« 
powerful reducing action of the parenchyma of certain portioof 
of the body, cr/. the kidneys." 

" Elirlich has found that in the higher animals the peripheral' 
extremities of the sensitive nerve fibres are deeply coloured by 
injections of methylene- blue, and that it is thus possible to i 
vestigate the finest ramifications of the nervous system even in 
the living animal." 

logy CmistUution of the Sulphuretted Colouring Mtzitert, 
Bcmthsen has found that thiodiphenylamine is the mother^ 
substance of these compounds. Fuming nitric acid converts ifi 
into two isomeric dinitrodiphenylaminesulphoxides, which yield 
the corresponding diamidothiodiphenylamines, S(C(|H3.NHj).'NHi 
on reduction ; one of these, the o-compound, is identical with leu- 
cothionine, and is. therefore, oxidized by ferric chloride to thioni' 
or Lauth's violet. Methylene -white is tetramethyl-thionine : 
Leucotliionino, Tclramclhyl-leucothionine. 

SC >NH S< >NH 



"Xc 



^NH, Xn(CHO, 

On heating with metliyl iodide and methyl alcohol, hoth com' 
pounds are converted into heptamethylthiodiphenylammooinil 



iodide : 



/NCCH,),I 



S( >NCH, 

Xn(CHJ,I. 
This crystaUizes from hot water in white or yellow tabletl 
having a pearly lustre, or in needles, and yields the correspondinj 
strongly alkahne hydroxide on treatment with moist silver oxid4^ 
the solution of which dries to an amorphous mass. These result^ 
taken in connection with the formation of methylene-blue from 
Bindschedler's green, lead to the following formulte for i 
colouring matters; 



lauth's Violet. 
,NH, 

^NH,CL 



MethyUnr-liW. 
,N(CH,), 

Xn(0HJ,C1. 



^m METHTL£NE-RBD. ^ 

^VXiftUth's violet is therefore the hydrochloride of a-amimido- 
^^Bodiphenylimide, while methylene -blue is an ammoniiun 
^^Horide, & view which ia supported by the properties of the 
^Bmpounds ia question. 

^BThe conversion of methylene -white into methylene -blue is 
^B^ted by the addition of hydrochloric acid to the former, 
^Hcompanied by the elimination of two atoms of hydrogen. 
^Ke idea that in the formation of the colouring matter a hydro- 
^Bd atom of one of the methyl groups is removed, together with 
^^bt of the imido-group. might be suggested by the choice of 
^^B name methylene-blue, hut this name is not intended to 
^KireseDt the constitution of the compound any more than in 
^Hp case of Bindschedler's green and other colouring matters. 
^KJt may be remarked, as already mentioned, that methyldi- 
^^idothiodiphenylamine also yields a coloiuing matter on oxida- 
^Bd (p. 263), which ia precipitated by zinc chloride and common 
^Ht in needles which have a bronze -lustre, and, immediateiy 
^Rer their preparation, dissolve in water with a bluish green 
^Kour. Tliis compound is, however, very unstable, and decom- 
^^■es very rapidly, thus showing that it does not correspond to 
^ftath's violet, and that the formation of the coloured compound 
^■bceeds very difiFerently when the hydrogen of the imido-group 
^Keplaced by methyl 

^KogS MdhyUne-red, CigH,gN,Sj(HCl)j. is formed, as already 
^HnUoned, iu the preparation of the blue, and remains in the 
^Kthcr-liquor after the precipitation of the latter by salt. Its 
^Beeence in the original solution can be shown by allowing a 
^Bpp to fall on filter-paper, a well-defined blue spot being formed, 
^Brounded by a rose-red zone. It crystallizes &om alcohol in 
^Ball, green, glittering prisms ; its solution has a splendid fiery 
^fcple colour. Potassium iodide produces a precipitate of the 
^^Briodide, crystallizing from a large quantity of water in 
^Bck needles or prisma. 

^^^oiling hydrochloric acid has no action upon methylene-red ; 

Vbe alkalis, however, their carbonates and even sodium acetate 

• ■r phosphate, decolourize the red solution, the colour not being 

TL-stored by acids ; oxidizing agents, on the other hand, produce 

a blue colouration, especially after previous reduction. 

Reducing agents also decolourize tho solution, sulphuretted 
hydrogen being evolved ; comtnerciaUy tho acid solution is 
first treated with zinc-dust and then with ferric chloride, an 
vol.. III.— PART in. z 



additional (juimtity of the blue being thus furmed ; this, 
ever, probably differs from methylene-blue {Bemtlisenj.' 

In Addition to these colouring matters, Bemthseii has prej 
the following closely-related compounds : 

laotkionine, or ^-amiinidoihiudiphcnyliviide, C^aN,S. 
tained from the ^-dlDitrosulphoxide, and differs from thiuniiut 
being a diacid base. 

Its hydrochloride is readily soluble, and crystallizes in 
dark needles ; the violet-red solution dyes silk a fine uai 
with a shade of grey. The colour of the solution i 
changed by concentrated hydrochloric acid, and the salt ft 
violet solution in strong sulphuric acid, which is scarcely cl 
by the addition of water. It behaves towards filter- 
thioninc and methyleneblue. 

The free base forms a dark grej-ish brown, glistening, crj-stalline 
powder, which is only slightly soluble in water, but dissolm 
readily in alcohol witli a violet-red colour. On rwluctioL it 
converted into the leuco-base, or /3-dianiidothiodiplienyIaiiiii 
which has not been investigated. The constitution of tba 
comjKiunds is probably expressed by the following formuls:' 



LeueciaolhioniQC. 

S^ ,NH 

NH,— C,H,— KH, 



UntLiuiiine. 

/C.H 

\ >; 

NH,— c;,H,— NH. 



Imidvthiixli^ih^nyliviuk, C,gHgNjS. is formod. as alreatlir bk 
tiuiied, by the oxidation of amidotliiodipheDylamiue (p. 268) : 



C,H,— NH, 



an,— NH 



It ciystallizes from hot alcohol on cooling, or on the addi 
of water, in small, reddish brown needles, or separates out 
crystalline, brick -red powder, which assumes a greenish 
lustre when rubbed. Its hydrochloride readily dissolrei 
water with a vinlet-red colour, and combines with zinc 
to form the double salt, {CijH:8NjS.HCl)3ZnClj, crystaUiaig! 
long, dark violet needles. Its solution, like that of the ' 



' Ann. Ckem. Pharm. ci 



' Ibid. com. Ill 
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chloride, dyes silk an almost neutral shade of greyish violet. 
The hydrochloride dissolves in concentrated sulphuric or hydro- 
chloric acid, forming a dark grey solution, which becomes violet- 
red on the addition of water. Its solution does not give a 
well-defined spot on filter-paper, like that produced by Lauth s 
violet or methylene-blue, but diffuses uniformly.^ 

Oxythiodijyhenylimide, C^gHyNSO. When parahydroxydi- 
phenylamine is melted with sulphur at the lowest possible 
temperature, hydroxythiodiphenylaminCjCigHgNSOH, is formed ; 
this is precipitated by water from an alcoholic solution containing 
stannous chloride in greenish white flocks, and oxidizes very 
readily, oxythiodiphenylimide being formed : 

S< >NH + O = S< >N + WO. 

CeH3-0H CeH3-0 

This substance is best prepared by decomposing the alcoholic 
solution with water until it has become turbid, adding a few 
drops of hydrochloric acid, and then treating with fenic 
chloride; an amorphous, chocolate-brown precipitate of the 
compound is thus obtained, which is insoluble in water, slightly 
soluble in glacial acetic acid, and somewhat more readily in 
alcohol, benzene, and toluene, crystallizing from the latter in 
indistinct needles. It readily dissolves in aniline and is pre- 
cipitated on the addition of ether ; it forms a blue-black solution 
in concentrated sulphuric acid, from which it is precipitated by 
water. 

Reducing agents reconvert it into hydroxythiodiphenylamine, 
which as a phenol dissolves in alkalis. The colourless solution 
may be used for dyeing, materials dipped in it becoming coloured 
reddish brown on exposure to air. Oxythiodiphenylimide dyes 
silk rose with a shade of violet.* 

1099 DioxythwdiphenylimidCy or Thionol.C^^^'^^^O^y is formed, 
together with other products, when thiodiphenylamine is heated 
for a long time to 150** — 160° with concentrated sulphuric acid, 
to which one-fifth of its weight of water has been added ; 

CijH^NS + SHgSO^ = C12H7NSO2 + 3SO2 + 4H5JO. 

'^ Ann. Chem, Pharm. ccxxx. 100. 

' Ihid. ccxxx. 182 ; Simon, Dissertation, 

z 2 
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It is also readily formeii when lliionine ia heated vrith ( 
]iliiiric acid containing 70—75 per cent, of sulphur trioxide : 



CbH,— NH 



2Hp = 



C„H,— OH 
= S^ /^ + ^N'Hj. 
C„H,— O 

Thionol is a brown powder wLicb takes a green metallic lust 
when ruhbed ; it is only slightly soluble even in boibng wata 
but dissolves in alcohol with a purple colour and in glacial a 
acid with a yellow to blood-red colour ; from the last of the* 
it crystallizes in fonna resembling oak leaves. It dlBsolves i 
concentrated sulphuric acid forming a splendid blue solutioi 
which becomes violet and then reddish brown ou the additia 
of water. 

Under certain conditions, which are not accurately knowi 
the sulphate, (CjjHjNS0j)jS04Hj, crystallizes from 40 per cenl 
sulphuric acid in fine, green needles. 

Tldonol forms a violet solution in concentrated bydrocbloi 
acid, and the hydrochloride crystallizes from the dilute solutio 
in splendid green needles which readily lose acid. 

Thionol also dissolves in the alkalis, or their carbonates B 
in hot sodium acetate solution, forming splendid violet Bolutioni 
The potassium salt is partially precipitated by an excess of caustl 
potash as a tenacious mass. When thionol is boiled with baiyt 
and a large quantity of water, and the solution evaporated, th 
barium salt, CijHjNSOjBa, is obtained in crusts consisting c 
small, green, lustrous plates. From a solution of this, silver nitraW 
precipitates the brown amorphous silver salt, C,gHyNSOjAgp 
In the formation of salts, therefore, thionol takes up a molecule 
of water and the metal replaces two atoms of hydrogen 

A solution of thionol in an alkaline carbonate dyes silk and . 
mordanted cotton violet; the colour acquires a reddish shade in 
the air, 

Dihydroxythiodiphcnylamine, CijHgS(NH).fOHj), is the leacfr 
compound of thionol and is best obtained by reducing an 
ammoniacal solution of thionol with zinc-dust tn absence of air. 
It forms small needles, slightly soluble in water, more readily 
in alcohol and ether. It is tolerably stable in acid solution, but 
rapidly reoxidizes in the presence of alkalis. 

Triaettyl-leueothionol, CjjHoSCNCjHjOXOCjHjO),, is fonned 
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on heating the above with acetic anhydride, and separates from 
hot alcohol in small, tough, yellowish crystals, which are stable 
in the air and melt at 155° — 156°. 

The constitution of thionol has already been given; that 
of the hypothetical hydrate corresponding to its salts, and of 
leucothionol, are expressed by the following formulae : ^ 

Thionol hydrate. Leucothionol. 

CeH3-0H CeH3-0H 

CeHg— OH CgHg— OH. 

2000 Thwnoline, C^gHgN^SO. This compound, which lies 
between thionine and thionol both in its composition and pro- 
perties, was discovered by Bernthsen, who saturated a solution 
of paramidophenol in hydrochloric acid with sulphuretted hy- 
drogen and then added ferric chloride. It crystallizes from hot 
alcohol in small, narrow plates or flat needles, which transmit 
yellowish brown light, have an intense green metallic lustre 
and are only slightly soluble in cold alcohol. The solution is 
purple-red and has a splendid brownish red fluorescence. It 
dissolves in hot dilute hydrochloric acid forming a purple-violet 
solution, from which the hydrochloride separates out on cooling 
in fine black needles ; thionoline hydriodide and chromate also 
crystallize in fine needles, almost insoluble in water. 

Thionoline is also formed when thionine is boiled with water 
for a long time : 

NCi2HgS(NH2)NH + H^O = NCigHeSCNHj^O + NH3. 

It dissolves in concentrated sulphuric acid, forming a splendid 
blue solution, which is decomposed on heating, thionol being 
formed : 

NCi2HgOS.NH2 + H2O = NCi^HgOS.OH + NH3. 

Zeucothionoline, CigHj^NgSO, is obtained by the reduction of 
thionoline and is a very unstable compound. As it is both a 
base and a phenol, it dissolves in acids as well as in alkalis ; 
materials dipped in the alkaline solution become coloured on 
exposure to the air. 

Thionoline. Leucothionoline. 

CeH3-NH, CeHj-NH^ 

CgHg — O. C/gHg — OH. 

^ Ann, Che in, Phann. ccxxx. 187. 
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Diinetkyllhionolinf.. or Mdhylcnr-'cwkt, CjjHuNjSO. A s 
tioD of methylene -blue to whicli an excess of an alkali has been 
added, changes slowly in tlie cold, more rapidly on boiling, 
dimethylamine, methylene-white, methylene-azrire, and methy- 
lene-violet being formed. The last of these is most readily J 
obtained by boiling a solution of methylene-blue, or ite iodide J 
with silver oxide : 



0,H,— N(CHJ,OH 



C.H,— N(CHJ, 
C,H,-0 



+ N(CHO,tt| 



It crystallizes in smalt plates which dissolve slightly in bot 
water with a bluo colour, more readily in alcohol with a colour 
approaching violet, and in chloroform and ether with a redi 
colour. All its solutions, with the exception of timt in aniline, 
which is violet-red, show a splendid brownish red fluorescence- 
It crystallizes from cumene in tough needles, and forms a violet- 
blue solution in concentrated sulphuric acid. Its hydrochloride, 
Cj^HjjNjSO.HC!, crystallizes in very thin, black neetUes having 
a feeble green lustre ; its aqueous solution dyes silk and cotton 
a grey shade of violet. 

LmcodimHhyWnmwlim. SC^H/NHJNCCHJjOH, is readily; 
obtained by warming the colouring matter with dilute alcohol 
and ammonium sulphide. It crystalhzes in needles ; materiali 
dipped in an alkaline solution become coloured on exposure ' 
the air, while it is so stable in acid solution that its hydrochlorit 
can be obtained iu crystals.* 

Mefht/lcne-azure, remains, together with some methylene* violet 
in the mother-liquor obtained in the preparation of the lattel 
In order to separate them, tliey are converted by stannon 
chloride in alkaline solution into the leuco-compounds, that <i 
the violet being soluble, while that of the azure is insoluble ii 
alkalis. The latter is then dissolved in hydrochloric add 
oxidized with ferric chloride, precipitated with common sail 
and the chloride thus obtained, which resembles the ran 
double salt in being very difiicult to purify, converted into tb 
iodide by precipitation with potassium iodide. 

Methykne-azure iodide., Cj^HigNgSOjI, crystallizes from ha 
water in fine needles having a green lustre, which take 
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lustre on being rubbed. It forms a blue solution in water which 
is more violet than that of methylene-blue ; alkalis precipitate the 
free base which has not yet been obtained pura The chloride 
is very soluble and crystallizes with difficulty in small needles ; 
its solution dyes silk a splendid blue, which can scarcely be 
distinguished from methylene-blue. It dissolves in concentrated 
sulphuric acid forming a green solution which is changed to 
blue by the addition of water. 

Methylene-azure is clearly an oxidation product of methylene- 
blue, since it is formed by the action of silver oxide ; it is 
probably the corresponding sulphone : 

C,H3-N(CH3), 
so/ >N 

C«H3-N(CH3),I. 



PHOSPHORUS DERIVATIVES OF BENZENE. 

200I Phosphenyl chloride, CgH^PClg, is formed when the 
vapours of phosphorus trichloride and benzene are repeatedly 
passed through a red-hot porcelain tube : ^ 

CeHe + PCI3 = CoH,.PCl2 + HCl. 

It is also obtained by boiling 5 parts of aluminium chloride, 30 
parts of phosphorus trichloride, and 50 parts of benzene for 
36 hours in an apparatus connected with an inverted condenser. 
According to this method, which is more especially adapted for 
the preparation of small quantities, 35 grammes of the pure 
compound may be obtained from 500 grammes of benzene, 
while according to the first method, with the necessary appa- 
ratus at least 500 grammes can be obtained in the same 
time.* 

It is also formed when mercury phenyl, (CgH5)2Hg, is heated 
with phosphorus trichloride to ISO** (Michaelis) : 

Hg(C,H,), + PCI, = Hg(CeHJCl + CeHgPCl,. 

^ Michaelis, Liebig's Ann. clxxxi. 280 ; where the apparatus for the preparation 
of large quantities is described in detail. 
• Ber, DetUsch. Chcm, Ocs. xii. 1009. 
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It is a strongly refnictive liquid, which fumes iu the air, lias a 
very peneti-ating smell, anil boils at 224°'6 (Thorpe), It is 
decomposed hy water with formation of phosphenyloua acid. 

Phmphtnyl IdracklmHdf, C^HjPClj. is readily formed by the 
combination of dry chlorine with the preceding compound, and 
crystallizea in white prisms, probably belonging to the mono- 
clinic system. They melt at 73° and partially sublime when 
more strongly heated, another portion being decomposed into 
chlorine and phosphenyl chloride. On heating to 180° in a 
sealed tube, it decomposes into chlorobenzene and phosphorus 
trichloride. With water it first forms phosphenyl oxychloride, 
which is converted by the further addition of water into 
phosphenyUc acid. 

Pkasphenyl oxychlor^e, CjHjPOCljjis also obtained by passing 
air or oxygen into heated phosphenyl chloride ; this must be jter- 
fectly pure, or, especially when pure oxygen is employed, vety 
violent explosions may occur. It is also formed, together with 
acetyl chloride, by the action of phosphenyl tetrachloride on 
acetic acid ; it is however beat prepared by passing sulphur 
dioxide into the tetrachloride : 

CoHj,PCl, + SOj = C0H5POCI3 + SOClj, 
The thionyl chloride, boiling at 80°, can readily be separated 
from the oxychloride. which is a thick liquid having a fruity 
smell, and boiling at 258°. 

It follows from the foregoing decompositions that phosphenyl 
tetrachloride behaves similarly to phosphorus pentacliloride, and 
Michaolis considers that it might be advantageously employed 
in organic chemistry in place of the latter for the preparation of 
chlorides, since, on account of its high boiling point, it can be 
more readily separated from these than can phosphorus oxy- 
chloride. boiling at 110°. 

Micliaelis has also prepared several bromine derivatives of 
phosphenyl. 

Pho»])funyl hr&mide, CoHjPBrj, may he obtained by heating 
mercury phenyl with phosphorus tribromide, or by passing 
dry hydrobromic acid gas into boiling phoeiihenyl chloride. It 
is a licjuid boiling at 257°.' 

3002 PAos/i/wny/oMs acid, CgHjPO,Hj, is obtained 1^ allowing 
phosplieuyl chloride to drop gradually into water ; the solution is 
then heated to boiling and rapidly evaporated in an atmospliers 
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of carbon dioxide. The acid is slightly soluble in cold, very readily 
in hot water, and crystallizes in tablets melting at about 70°. 
When more strongly heated, it decomposes into phenylphosphine, 
P(CgH5)3, phosphenylic acid, CgH5P03H2, and water. 

It is a monobasic acid ; its alkaline salts form deliquescent 
crystals; the barium salt, (C^H^POgHjoBa + 4H2O, crystallizes in 
fine, oblique, rhombic prisms, and the lead salt, (CgH5P02H)2Pb, 
separates out in scales having a mother-of-pearl lustre, when 
the solution of the sodium salt is treated with lead acetate 
and acetic acid. The salts of the other heavy metals are 
insoluble in water; the ferric salt, (CgH5P02H)3Fe, is a 
characteristic, granular, white precipitate, insoluble in cold 
concentrated sulphuric acid but soluble in the hot acid. On 
cooling it separates out as a tough, white mass, which after 
some time becomes brittle and crystalline ; when again heated, 
the salt fuses to an oily liquid which gradually dissolves. When 
the dry salt is heated to 180°, it ignites and bums with a 
yellowish flame. 

Diethyl phosphenylite, CgH5P02(C2H5)2, is obtained by the 
action of phosphenyl chloride on sodium ethylate free from 
alcohol; in order to diminish the violence of the reaction a 
quantity of anhydrous ether is added as a diluent. It is a 
mobile liquid, which boils at 235'' and has an overpowering 
smell. It dissolves gradually in water with formation of ethyl 
phosphenylous acid, CgHgOgCCgHJH, which is left on the 
evaporation of the solution as a thick liquid possessing an 
aromatic odour. It is monobasic and is gradually decomposed 
by water into phosphenylous acid and alcohol.^ 

The action of phosphorus pentachloride on the latter acid 
shows that it only contains one hydroxyl (Michaelis) : 

CeH5.PH0(0H) + 2VC\ = CeH,P0Cl2 + POCI3 + PCI3 + 2HC1. 

Phosphenyl oxychlorido is thus formed, while if the acid 
contained two hydroxyls, as might be expected from its pre- 
paration from phosphenyl chloride, the following reaction would 
take place : 

CeHgP(OH)o + 2PCI5 = C0H5PCI2 + 2POCI3 + 2HC1. 
Michaelis has further shown by the action of phosphenyl 

» Kohler and Michaelis, Bcr. Dniisch. Chem, Ocs. x. 816. 
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tetrachloride on phosphorous acid that this only contains two 
hydroxyls : 

PH0(0H)2 + SCeHgPCl, = POCI3 + 2CeH^POCl2 + CeH^PCl, 

+ 3HCL 

If it had the formula P(0H)3, as was generally supposed, the 
following reaction would occur : 

P(0H)3 + SCeHgPCl^ = PCI3 + SCeH.POCl^ + 3HCL 

These two acids, therefore, contain pentavalent phosphorus, 
and have the following constitutions : 

O = P^OH O zz: Pr-CeH. 

\0H \0H. 

2003 Phosphenylic acid, CgH5PO(OH)2, is best obtaioed by 
gradually adding phosphenyl tetrachloride to water, and finally 
warming the solution in order to decompose all oxychloride. It 
crystallizes in small, oblique, rhombic plates, having a vitreous 
lustre, which melt at 158** and solidify in a radiating crystalline 
mass. On heating to 200** it is converted into diphosphenylic 
acid, (CgH5PO)20(OH)2, which is changed at 210'' into triphos- 
phenylic acid, (CgH5PO)302(OH)2. Both these compounds are 
tough, transparent masses, and recombine with water to form 
phosphenylic acid. The following formulae explain the constitu- 
tion of these substances : 

Phosphenylic acid. Diphosphenylic acid. Triphosphenylic acid. 

/OH 
/OH CeH,PO/ 

/OH CeH5P0< >0 

CeH,.PO< >0 C«H,PO< 

\0H CjHsPO/ >0 

\0H CH.PO^ 



'6"&' 



\0H 



When phosphenylic acid is rapidly heated to 100°, it decom- 
poses into benzene and metaphosphoric acid : 

CeH,P0,H3 = CoH, + PO3H. 

If it be fused with caustic potash, benzene is also formed, 
together with orthophosphoric acid. 
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Phosphenylic acid is a strong dibasic acid and is not precipi- 
tated by barium chloride or silver nitrate ; ammonia produces a 
white precipitate, while ammonium molybdate does not give any 
precipitate. 

Normal sodium phosfphcnylatCy CgH5PO(ONa)2 + I2H2O, 
forms long pointed crystals which readily lose water when 
allowed to stand over sulphuric acid. 

Acid sodium phosphenylutc, CgH^POgNaH, crystallizes in prisms 
which contain water of crystallization, but efiBoresce exceedingly 
rapidly. The normal potassium salt only crystallizes with great 
diflSculty and in indistinct forms, while the anhydrous acid salt 
forms microscopic rhombic plates. 

Normal calcium phosphenylate, CgHgPOgCa + 2H2O, is a pre- 
cipitate consisting of small plates having a silky lustre. 

Add calcium phosphcnylate, {C^^O^^dS..^, separates from 
solution in acetic acid in small lustrous plates or in lustrous, 
moss-like aggregates. 

All the other metallic salts of phosphenylic acid are insoluble 
in water. 

Add ethyl phosphenylate, Cq1Bl^0^(G^^)II, is obtained by the 
action of phosphenyl tetrachloride on absolute alcohol, and is a 
synipy liquid which has an acid reaction and is monobasic. 

Nonnal ethyl phosphenylatc, CgH5PO(OC2H5)2, is obtained by 
heating the silver salt with ethyl iodide. It is a thick Hquid 
boiling at 267^ and having a peculiar smell resembling that of 
mustard oil. The dimethyl ether, which is very similar in its 
properties and boils at 247°, has a perfectly different smell. 

Normal phenyl phosphenylale, CgH5PO(OCgH5)2, is formed by 
the action of phosphenyl tetrachloride on phenol : 

CeH,PCl, + 3CeH,0H = CeH.POCOCeH,)., + CeH.Cl -h SHCl. 

It is very readily soluble in alcohol and ether, and crystallizes 
from hot, dilute alcohol in very thin, long needles, melting at 
63***5, which are not attacked by hot aqueous caustic soda, 
but are decomposed by alcoholic soda. Its boiling point lies 
above 360°; it is also formed, together with the chloride of 
phosphenylic acid, Q^^OiOC^^Cl, by the action of phos- 
phenyl oxychloride on phenol. The acid obtained by the 
decomposition of the chloride with water, i.e. add phenyl phos- 
phenylate, CeH5PO(OCgH5)OH, is only slightly soluble in water, 
and crystallizes from aqueous alcohol in hair-like needles melting 
at 57°. It forms salts which crystallize well. 
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IfitTvphosphenylie acvJ. G^^(JSO^'?0^^, is obtaiued by- 
heating phosphenylic acid with seven paj-ts of futniug nitria 
acid in a sealed tube for five or six hours to 100° — 110°. 
crystallizes from ether in white, concentrically arranged ueedle^ 
which deliquesce in the air and form an intense yellow solutioo 
in water. On evaporation of the solution it separates out IB 
white, cauliflower-like masses. It melts at 132° and deflagrates 
explosively at 200° ; on heating with Hoda-hme it decomposes 
into phosphoric acid and nitrobenzene, which is converted by 
the action of the alkali into aniliae. It is a strong dibasic 
acid, the alkali salts of which do not crystallize ; the normal 
barium salt, CaHj(N02)P0aBa + 2HjO, crystalUzes from water 
in lustrous yellow tablets, and the more soluble acid salt, 
(CoH,(NO^P03H)2Ba, forms small white plates. 

Amidophosphenyiie acid, CflHjfNHjlPOgHj, is obtained by tliff 
action of tin and hydrochloric acid on the preceding compoimd. 
It crystaUizes in fine, white, lustrous needles, slightly soluble i& 
water, more readily in hydrocliloric acid, no compound being, how- 
ever, formed. At 280° it decomposes without melting, and becomes 
coloured bluish-green. On heating with soda-lime it decompoaei 
into phosphoric acid and aniline. Bleaching powder added to i< 
solution in liydrochloric acid produces a dark-red colounitioQ, 
which is neither destroyed by boiling nor by standing. Th« 
solutions of its salts with the metals of the alkalis and alkaline 
earths are coloured red on evaporation, even when exposed i 
vacuo over sulphuric acid. The silver salt, C(,H,CNHJPO,Ag^ 
is a yellowish white precipitate. 

The action of sodium amalgam on a solution of nitropbos 
pbenylic acid does not produce azophosphenylic acid, but sodiuin 
amidophosphenylate, CjH,(NH^POjNaj + SH^O, crystallizing in- 
white prisms. 

Difaoyhasiihcnylic acid nitrate. CoHj(Nj.NO,,)P03Hj + SU^Oi 
is obtained by passing nitrogen trioxide into a boiling solution 
of amidophosphenyhc acid in nitric acid. It crystallizes in 
colourless prisms, which are readily soluble in water anj 
alcohol with a yellow colour, melt at 188°, and explode violeotly. 
at a slightly higher temperature. It is a veiy stable compound; 
and is not decomposed by long-continued boiling with water. 
Its salts, which are coloured yellow to red, are explosive; those a 
the metals of the alkalis and alkaline earths are soluble in wate 
and crystallize ; those of most of the other metals are insoluble.' 
' .MiJmelia nnd Beiiiiiiger, Lichig'a Ann. cluriviii, 275, 
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2004 P1ienylphosphin€y or Phosphaniliney CgHg.PHg. Michaelis 
first prepared this compound by passing hydriodic acid into 
phosphenyl chloride, the hydriodide of phosphenyl iodide, 
C^jUgPIj-HI, being obtained as a dark mass ; on treatment with 
absolute alcohol and subsequent distillation, this yields phenyl- 
phosphine, the formation of which is explained by the following 
equation : 

3CeH5.PI,.HI + 9C2H5.OH = CeH5.PH, + 2CeH,.P03H., 4 

9C2HJ + 3H2O. 

Later researches, however, have shown that the reaction is 
not completely represented by this equation, but that the 
following also takes place : 

CeH5Pl2.HI + 3C2H5.OH = CeH^POsHa + SCgHJ + H.,0. 

The phosphenylous acid is then resolved, as already described, 
into phenylphosphine and phosphenylic acid, a decomposition 
which is quite analogous to that of hypophosphorus acid into 
phosphine and phosphoric acid. Phenylphosphine is there- 
fore best prepared by gradually adding crude phosphenyl 
chloride, which has only been submitted to a few distilla- 
tions, to an excess of alcohol with continual agitation, distilling 
oflF the greater portion of the alcohol in a stream of carbon 
dioxide, and then further heating the residue over the naked 
flame. 

The distillation of the phenylphosphine, accompanied by 
violent frothing, commences at 250° ; the flame can now be 
removed as the distillation proceeds spontaneously, frequently 
with almost explosive outbursts. If it ceases, the flask must 
again be warmed until the formation of two non-miscible 
liquids is rendered evident by the turbidity in the condenser. 
These are water and benzene, formed by the decomposition of 
the phosphenylic acid. Pure phenylphosphine is readily ob- 
tained from the product by distillation in an atmosphere of 
carbon dioxide.^ 

It is a colourless liquid, boiling at 160° — 161°, and possessing 
a most repulsive, penetrating smell, which is so intense that 
the mere opening of a flask containing the compound is 
sufficient to contaminate the air of a tolerably large room. It 
rapidly absorbs oxygen with evolution of heat and formation of 
phosphenylous acid. 

^ Kohler and Michaelis, Ber. Deutsch. Chem, Ge9. x. 807. 
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Wiiiiu oxygen is paasiMl into uiicooleil pheuylpliospliine, the 
rise of temperatiire ia so gi-eat that igiiitiou takes place. It 
also conibines with siilpliur ou gentle warniin<;, to fonii pbeny!- 
phosphine aulpliide, C^HjPHjS, a thick liquid having an 
exceedingly unpleaeant gmell. 

Fbenylphmjikonium iodide, CgHjPH,!, is formed by tb« 
combination of dry hydriodic acid with pbeaylpliosphine. 
It is decom|Kise<l by lii.>ating or by the addition of water;, 
it may. liowever. be sublimed in needles in a L-urrcut of 
hydriodic at-id gas. 

J'A<'ny/^Ao«pAo»iwjwji/a/tMicA/orMi;, (CflH(PHj)jPtClg. Phenyl* 
phosphine is only slightly soluble in concentrated hydrochloric 
acid ; on the addition of platinum chloride, the platinichloridc is 
obtained in yellow crystals almost insoluble in water. 

2005 DiHhulphcnylplwsphiiii!, Pf'aH5(CjHj)j, ia obtained by 
allowing zinc ethyl, diluted with benzene, to drop into a mixture 
of phospheuyl chloride and benzene contained in a flask which 
lias been filled with carbon dioxide and is surrounded by a 
freezing mixture ; a violent hissing takes place, and so much 
heat is evolveil that the liquid soon begins to boil When th« 
reaction is complete, a compovmd of the base with zinc chloride 
separates out as a viscous liquid, which is then decomposed by 
caustic soda. 

DiethylplRnylphosphiue is a light, strongly refractive liquid, 
boiling at 22U°, and possessing a characteristic, disagreeable, 
penetrating odour, which clings to all objects and is difficult 
to remove. 

Dictkplphent/ljihospkine kpdrochloriile, PCgHj(CjH4)jHCl, 'at 
formed by combination of the baae with hydrochloric acid, and 
is a white crystalline mass which deliquesces in the air, forming 
a liquid smelling like the base. It readily combines wilH' 
another molecule of hydrochloric acid, forming the liquid di- 
hydrochloride, PCeHj(CjHj),(HCl),, which is decomposed on 
distillation into the base and free hydrochloric acid, a portion of 
which recombiues in the condenser to form the monohydn*- 
chloride. 

M-thj/lphen-ylph^sphonium chloride. PCCaHO(CjHJjCV Wh«> 
chlorine is passed into diethylphenylphosphiue. a separation of 
carbon takes place accompanied by deBagration, If, however, 
the chlorine be diluted with air and cooled by a freezing mixture, 
the chloriile is formed as a pale yellow liquid 
what penetrating hnt not unpleasant odour 
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ciystalline mass when cooled by a freezing mixture; when 
heated it decomposes with carbonization. 

Liethylphenylphoftphine oxide, f 0^13.^(0^^)20, is only slowly 
fonned when the base is kept in contact with air or oxygen, 
while on heating, a more complete oxidation, accompanied by de- 
flagration, takes place. The oxide is, however, readily obtained 
by decomposing the chloride with water, removing the greater 
portion of the hydrochloric acid by evaporation, and treating 
the residue with silver oxide. It forms colourless, transparent 
needles, which are very hygroscopic, exceptionally soluble in 
water and have an aromatic, fruity odour. It melts at 55° — 5G°, 
and boils above 360°. 

Triethylphenylphosphonmm iodide, V0^^{0^^^, is fonned 
by the combination of diethylphenylphosphine with ethyl 
iodide. It is soluble in water, and crystallizes from alcohol in 
radiating needles, melting at 115°. 

Triethylphenylphosphoni^im hydroxide, 'PO^^{0^^fiiR, is 
obtained by boiling the aqueous solution of the iodide with 
silver oxide. It is a crystalline mass which is exceptionally 
soluble in water, and attracts both moisture and carbon dioxide 
from the air. The platinichloride, (PCgH5(C2H5)3)2PtClg, cry- 
stallizes in fine, orange-yellow tablets, slightly soluble in alcohol 
and readily in water. 

20o6 Diphenyl phosphorus chloride, {fi^^^Ol, is formed 
when mercury phenyl is heated with an excess of phosphenyl 
chloride for one hour to 220° — 230° in an apparatus connected 
with an inverted condenser : ^ 

C,H,PC1, + Hg(C,H,), = (CeH,),PCl + Hg(C,H^Cl. 

It is also formed when phosphenyl cldoride is kept for some time 
at a temperature of 280° : ^ 

2(CeH,)PCl. = r(CeH,)2Cl + PCls- 

It is a colourless, oily liquid, boiling at 320°. 

Diphenyl phosphorus trichloride, (CgHJgPClj, is readily formed 
by the combination of the preceding compound with chlorine, 
and is a crystalline mass. 

Diphenylphosphinic acid, {0^^^0{01[i), is obtained by the 
oxidation of diphenyl phosphorus chloride with nitric acid 
(Michaelis), or by the decomposition of the trichloride with 

* Michaelis, Ber. Deutsch. Chcm. Gcs. x. 627 ; Micliaelis and Link, Ann. Chevu 
Pharm. ccvii, 208 ; Michaelis and La Coste, Ber. Deutsch. Chem, Get. xviiL 2109. 
« Broglie, iWrf. x. 628. 
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■water. It is, however, best prepared by warming one moleculfl 
of phosphenyl cliloride to 100°, and then allowing one molecula 
of water to flow in gradually, heatiog first to 20U° and then 
to 260°. Oo cooling, a very hard, bright yellow m. 
tained, from which water extracts phosphenylic acid, together 
with a httle phosphenylous acid. The diphenylphosphinio 
acid is obtained from the residue by treatment with alcohol, 
a yield of about 30 per cent, on the phospbenyl chloride em- 
ploye<l being obtained, a tough, yellow mass, which will be sub- 
sequently mentioned, is left behind, being insoluble in alcohol. 

Diphenylphosphinic acid forms large, apparently triclinic 
crystals, which melt at 190° and are insoluble in water, slightly 
soluble in cold, readily in hot alcohoL It dissolves in hot nitric 
acid, and crystallizes from this solution in needles, which lose m 
molecule of water at 230°, and are converted into the anhydride 
(OflHs)sPO)30. 

Its soluble salts also crystallize very well, the most characteristic 
being the calcium salt, C(CflH5)jP0,)j,Ca -t- 3HjO, which forms trir 
clinic crystals, and is much more soluble in cold water than in hot. 

Ethi/l diphefiylphosphinate, (CgHJjPOCOCaHj), crystallizes is 
colourless needles melting at 165°. 

The yellow mass mentioned above contains the compontidi 
CjHjPjH, which is, therefore, pbenylated solid phosphurettej 
hydrogen, and is formed in larger quantities when phosphenyl- 
chloride is allowed to decompose gradually in damp air. It is % 
dark yellow, amorphous powder, having a feeble odour re- 
sembling that of phenylphosphine ; it is insoluble in watCT, 
alcohol, ether and cold cai'bon disulphide, kindles when warmed 
in the air, and is oxidized by nitric acid to phosphenylic i 
and phosphoric acid. 

Together with this body, occurs a compound, (C|jHs)jPj|0,H 
or CaHjP^.O.PO(CaHj,)H, which is very soluble in carbon di- 
sulphide, crystallizes in yellow needles, and yields the i 
oxidation products as the insoluble compound. 

The compounds described above are also formed by the a 
of phoHphenyt chloride on phosphenylous acid : ^ 
CaHjPCla + CeHBP0jHs = 2CaHBP0 + 2HC1 
5C„HjP0 = CC,HJ,P,0»+ Pj + CbH.POj. 
fiCjHsPO + HjO + 3Pj = SCgH^P^H + SCoHsPOj. 

= 2(C„Hj}iPsOjH + C^HsPOi. 

' Michnolis ftiiJ UoKot, B'r. Dcattfh. Chrin. Oa. \\. 885. 
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The anhydrides, ^i(GQB^)fi^, aud, P(CgH5)02, then combine 
vith water forming diphenylphosphinie and phosphenylic acids. 

2007 DijphenylphosphinCy (CgHg)^?!!, is formed, together with 
iiphenylphosphinic acid, by allowing diphenyl phosphorus chloride 
o drop into a dilute solution of caustic soda, the operation being 
carried on in an atmospliere of hydrogen. Diphenylphosphinous 
icid is first formed in this reaction but is immediately de- 
composed by water : 

2(C«H,),P0H = (CeH,)3PH + (CeH,),PO.OH. 

This behaviour corresponds to the decomposition of phos- 
phenylous acid into phenylphosphine and phosphenylic acid, 
wrhich, however, only takes place on heating. 

Diphenylphosphine is a liquid boiling at 280°, and possessing 
\ very unpleasant smell, which, however, is not so penetrating 
is that of the primary base. It dissolves in concentrated hydro- 
chloric and hydriodic acids, but is reprecipitated ty water. It is 
3xidized by nitric acid or chlorine water to diphenylphosphoric 
icid.^ 

Methyldiphenylphosphinc, (CgH5)2PCH3, is obtained by the 
EUJtion of zinc methyl on diphenyl phosphorus chloride. It is 
% colourless, strongly refractive liquid, boiling at 284° (Michaelis 
and Link), and having a penetrating odour. 

Meihyldiphenyljyhosphine oxide, (CQli^^GH^O, is formed by 
the oxidation of the preceding compound in the air, as well as 
by treating an aqueous solution of triphenylmethylphosphonium 
iodide with silver oxide, the hydroxide, which is first formed, 
decomposing even in the cold, more rapidly on warming, with 
separation of benzene, thus showing that the methyl group is 
more firmly connected with tlie phosphorus than is the phenyl : 

PCC,H,)3(CH3)OH = P(C„H,),(CH3)0 + 0,^,. 

Methyldiphenylphosphine oxide crystallizes from boiling ether 
in prisms which melt at 110° — 111°, and are odourless in the 
pure state. In the preparation of this compound, as well as of 
its homologues, from the phosphonium iodides, resinous by- 
products are formed, smelling like peppermint or chloral.^ 

Ethyldiphenylphosphinc, {p^^^Q,^^, is a liquid boiling at 
293° ; its oxide, P(C(jH5)2(C2H5)0, forms lustrous prisms melting 
at 121°. 

' Michaelis and Gleichmann, Brr DruUch. Chtm. Get. xv. 801. 
^ Michaeliit aud v. Sotlen, ^»n. Chan. Phaitti. ccxxix. 315. 
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DiethyMiphtnylphcsjihonmm iodide, P(CjHj'^,(CjHj)jI, 
formed by the eotnljuiation of ethjtdiphenylpbospliine witli 
ethyl iodide, and forms fine colourlcsa crystals, having a bitter 
taste and melting at 204°. 

Derivatives of phenyl phosphinp and diphenylphosphin 
taining both methyl and ethyl, and others containing ethylene, 
have also been obtained.^ 

F/ienori/dipItenylphcspliine, PCCoHOjOC^Hj, is obtained by 
warming diphenyl phosphorus chloride with phenol in an atmo- 
sphere of hydrogen. The mass is then heated somewhat more 
strongly in a current of hydrogen to remove the hydrochloric 
acid fonned by the reaction, and the temperature is finally 
raised to 2lJ0° and any unaltered phenol distilled off. 

Phenoxydiphenylphospliinc is a thick, colourless oil, which i 
Bolublc in ether ajid alcohol, boils at 265° — 270° under a preasnra 
of G2 ram., and becomes very viscous, witliout. however, so'idify- 
ing when cooled in a freezing mixture. As it does not boil 
under the ordinary pressure without decomposition, it^ vapour 
density was determined under diminished pressure and found 
to be 9-97— 1007. 

On boiling with water it decomposes into phenol, diphenyl- 
phosphioe and diphenylphosphinic acid. This decomposition, 
which is analogous to that of diphenyl phosphorus chloride, ii 
more rapidly brou;;ht about by caustic soda. 

Pktnoxydiphenylphosphine oxide or Phenyl diphenyl phoaphin^t, 
(C„nj1jP0(0C(|nj), is obtained by the direct combination d 
plienoxydiphenylphosphine and oxygen. This also combtnei 
with bromine to form the compouml (CgHj^PBrji'OCoHj). whicb 
has not been obtained pure, but is converted by treatment with 
water or boding with caustic soda into tbe oxide. This crystal 
Uses from alcohol in small needles or prisms melting at 185"- 
136°. 

rhenoxydiphmy}phosphin(.sulphide,{C^^.^Q{OCf^^MTead3iy 
obtained by mixing solutions of phenoxydiphenylphosphine ( 
sulphur in carbon disulphide. It crystallizes from hot alcohol 
in line needles, and from ether in small transparent ; 
melling at 124°. 

The analogous selenium compound has also been prepared. 

rhciLoxydiphenylmethj/lphosphonutm iodide, (Cul4)aP(0C(,H^ 
CHgl, is obtained by the continued heating of pheaoxJ'dipll^)yl■ 
phosphine with methyl iodide ; it forms a crystalline mass) wkidl 

' Glt,'ii:)iiimTiti. B-r. DaHach. Chita. <3a'. xv. ] 
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deliquesces in damp air, and is decomposed by boiling water 
with formation of hydriodic acid, phenol and diphenylmethyl- 
phosphinc oxide.^ 

2co8 Trijpkenylphosphinc, P(CgH.)3, is obtained by adding 
sodium to an ethereal solution of phosphenyl chloride and 
bromobenzene (Michaelis and Gleichmann). It may bo obtained 
in a niore simple manner by replacing the phosphenyl chloride 
by phospliorus trichloride : * 

PCls + aCoH^Br + 6Na = P(C6H5)3 + 3NaCi + 3NaBr. 

The cheaper chlorobenzene may be employed instead of 
bromobenzene.* 

Triphenylphosphine crystallizes in imperfect, short, transparent 
prisms or tablets, which from their optical properties must belong 
to the monosymmetric system ; they are almo-t odourless 
and dissolve readily in alcohol and ether. It melts at 79°, but 
the melting-point is lowered by small traces of impurities. In 
an atmosphere of any indifferent gas it boils above 360° with 
slight decomposition, and hence the determinations of its 
vapour density give too high a number — 9*63 — 1061 instead 
of 907. 

It is not attacked by dry chlorine even on heating ; it readily 
dissolves in concentrated hydrochloric acid even at the ordinary 
temperature, but is reprecipitated by water. On adding 
platinum chloride to the hydrochloric acid solution, an amorphous 
yellow precipitate of (P(C^jH5)3lI)2PtClg is obtained. 

Tn2'ih€nyIphosphonium iodide^ P(CqHJ3HI, is obtained by 
dissolving the phosphinc in hot hydriodic acid ; on cooling it 
separates out in fine needles, while it crystallizes from hot glacial 
acetic acid in long prisms. It is resolved into its components 
by water; it melts at 215° with decomposition, a portion 
subliming unaltered. 

Triphenylphosphine also combines with the elements of the 
chlorine group, but the compounds formed cannot be obtained 
pure. 

Triphenylphoq}hiiu cxidc, V{CQTi^jd. Oxygen is not absorbed 
by the phosphine even when the latter is fused. The hydroxide, 
P(CoH5)3''OH>2, may, however, be obtained by treating it with 
an excess of water, adding the necessary amount of bromine, 

* Michaelis and La Coste, Ber, Deut^ch. Ckem. Oes, xviii. 2109. 
' Michaelis and Reese, ibid, xv. 1610. 

• Michaelis and v. Sodeu, Ann. Ckctn, Phann. ccxxix. 295, 
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warming, and then boiling with caustic soda until the oily 
product has become colourless, or by adding potassium chlorate 
to the warm solution of the phosphine in hydrochloric acid. It 
is sUghtly soluble in hot water, readily in alcohol, and crystal- 
lizes from a mixture of petroleum ether and benzene in well 
developed prisms. It readily loses water and is converted at 
100° into the oxide, melting at 153°'5 and boiling at 3G0** with- 
out decomposition ; the vapour density was found to be 9*70, the 
theoretical value being 9*68.^ 

Triphenylphosphine oxide is not acted on by bromine, oxygen, 
sulphur, methyl iodide, &c, while the isomeric phenoxydiphenyl- 
phosphine, like triphenylphosphine, readily combines with these. 
This is due to the fact that the phosphorus is trivalent in the 
two latter, and pentavalent in their oxides : ^ 

Triplienylphosphine. Triphenylphosphine Oxide. 

P-CeH, O = P-CeH, 

Phenoxydiphenylphosphinc. Phenoxydiphenylphosphinc Oxide. 

P-OC,H, O = P-OCeH, 



\ 



C0H5 t'cHg. 



Triphenylijhosphinc nitrate^ P(C^H5)3(N03).,, is obtained by 
dissolving tlie j^hosphine in fuming nitric acid and evaporating 
the solution. It forms a yellow, radiating, crj^stalline mass 
which continually gives off nitric acid, and on standing over 
sulphuric acid and slaked lime is changed into the basic salt 
P(CgH^)3lS'03.0H, wliich melts at 75°, and is converted into the 
hydroxide on boiling with water. 

TriplicnylpJiosphinc sulphide, V{C^^.^, is obtained by 
evaporating a solution of the phosphine and sulphur in carbon 
disulphide ; it crystallizes from hot alcohol in long needles 
having a silky lustre, melting at 15 7°' 5, and boiling with slight 
decomposition above 360°. 

Triphenylphosphine sclcnidc, P(OQir5)3Se, is a very similar 
substance, which melts at 183° — 184°, and is obtained by heat- 
ing the phosphine with selenium. 

' Michaelis and I>a Costo, Bcr. Dcutsch. Chcm. Ocs. xviii. 2118. 
9 Ihid. 
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and readihr in akt-b-r-L r--i alTr. t?-: iii5»:>j"r> in eiber, Layc * 
latter taste aoi b^eoc-m-E- o.I-iared t-:!!:.-*- in ihe air. 

iodide combin€S ener^tioallT wiih ibe p^bosphino 10 fv^d: ::i:s 
componnd, which crvstallize? n»ni iraier in small j4aies h:^\ ::ii: 
a vitreoos histre; the melting pc*int of these ciysials lies at r.r?: 
between 165" and 166*, but after lepeated lecrystalliiations rises 
gradually to ISf^ — 1S3\ at whi:h jx^int it remains constant 

On boiling its aqueous s-:»lution with silver chlorido, iho 
chloride, P ^C^H^^^ jCHjCl + BLO. is formed and maybe obtaiiuxl by 
evaporation as a cnrsialline mass, losinir water at 100* — 110\ :\nvJ 
meltingat 212^—213=. The platinichloride, .P.O^H^^^OH^^.rtO;, 
is a precipitate crystallizing from water or alcohol in yellowish 
red needles. 

Triphenyletbvlphosphonium iodide, 

PCC^H^^C^HJ, broad, colourless tablets . . . 164^— 11.5" 
Triphenylpropylphosphonium iodide, 

T(Cq^^jC^IIjI, strongly lustrous, thick, mono* 

symmetrical plates 2l)ir>'"^ 

TriphenvHsopropylphosphonium iodide, 

PCCeHJjCHCCjHj^J + 2H.0, thick, opaque 

plates — 

Triphenylisobutylphosphonium iodide, 

P(CgH5)3C4HgI, small lustrous plates or needles . 176" — 177* 
Triphenylamylphosphonium iodide, 

P(CgH5)3C5HiiI, colourless prisms 174 
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By the action of freshly precipitated silver oxide on tli(»so 
compounds the corresponding hydroxides arc obtained ; tlirsi\ 
as already mentioned, are rapidly resolved into lu^izeni^ ninl 
diphenylphosphine oxides, containing an alcohol radical. 

Melhyknehexpheny^phosphomum iodide, p2(^rt''^o)«^''^2'^2» '** 
foimed when the phosphine is dissolved in methylene iiMli(l(\ iiiul 
crystallizes in small lustrous needles. 

JEthylenehexphenylphosphonium bromide, T,/(\UiXy',^U^^^'v ^^ 
a crystalline powder, slightly soluble in water.* 

1 Michaelis and nicichmaiin, /Ar. Dcutach. Chcnu (kn. xw. flO.'l ; Ann, rhmi. 
Pkarm, ccxxix. 818. 
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2009 TrinUrotriplicnylphosphiiie oxide, P(CgH^.N02)30. One 
part of triphenylphosphine oxide is carefully added to a mixture 
of two parts of fuming nitric acid and five parts of concentrated 
sulphuric acid, so that the temperature does not become higher 
than 15° or 20°, and the mixture then poured into col J water. A 
mixture of two isomeric nitro-compounds then separates out, 
one of which can be easily removed by boiling alcohol. This 
is a bright yellow resinous body, and has not been obtained 
perfectly pure. The chief product, amounting to from 85 to 90 
per cent, of the theoretical yield, remains behind as a yellowish 
white crystalline powder. It is then dissolved in boiling glacial 
acetic acid, and precipitated from solution in the form of long, 
yellowish, oblong plates by the addition of four volumes of 
alcohol. These can be obtained nearly colourless by re- 
crystallization from glacial acetic acid, with or without sub- 
sequent addition of alcohol. The crystals melt at 224° and 
deflagrate at a higher temperature. 

Triamidotriphcnylpkosphiiic oxide, V{C^^^'H.^jd, is obtained 
by reducing the nitro-compound with tin and hydrochloric acid. 
It crystallizes from alcohol in colourless prisms containing a 
molecule of alcohol, w'hich is driven oflf at from 100° to 110°. 
It separates from a large quantity of hot water in anhydrous, 
glittering, reddish-coloured plates melting at 258°. Its salts are 
very soluble and remain on evaporating their solutions as gum- 
like or vitreous masses. 

When the base is boiled with acetic anhydride a triacetyl 
compound, P(CoH,.NH.aH30)30 + H,0, is formed. This 
separates from solution in dilute acetic acid or alcohol in warty 
crystals, which do not become perfectly anliydrous until 130° — 
150°, and then fuse at 186° — 187° with evolution of <xas. 
IIi\xmcthyltriamid(iri2:)licnylphosj)hinc cxidc, P[C<.H^.N (CH3)o]30, 
is formed when the amido-compound is heated with methyl 
iodide and wood-spirit. It crystallizes from alcohol cither in 
needles containing one molecule of alcohol, or in crystals free 
from alcohol, melting between 149° and 152°. If an excess of 
bromine-water be added to the hot aqueous solution of the 
amido-compound containing hydrochloric acid, a light reddish 
grey precipitate of P(CcH3Br2N 112)30 is formed, whilst chlorine 
water gives a brown precipitate (Michaelis and von Soden). 

Diphosphohcnzcne hydroxide, C^jH^P^iPOH, is prepared by the 
action of spontaneously inflammable hyd ogen phosphide on 
phosphophenyl chloride, the product being rubbed up and washed 
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with alcohol. It is a yellow powder, readily soluble in carbon 

disulphide, which takes fire when warmed in the air, and is 

oxidized to phosphenylic and phosphoric acids when heated with 

nitric acid.^ 

Diphosphenyl, Q^^=PQj^^, corresponds to azobenzene, as 

the foregoing compound does to diazobenzenehydroxide ; hence 

it has been termed phosphohcnzene. To prepare it, phenyl- 

phosphine is brought into a flask through which a current of dry 

hydrogen is passing, and phosphophenyl chloride allowed to 

drop in : 

CeHgP 
C,H,PC1, + C,H,PH, = 11+ ^HCl. 

CoH,P 

The mass is gently warmed, and the product washed first with 
water and then with pure ether. It is a yellowish powder 
readily soluble in hot benzene, melting at 149*' to 150'' and 
solidif) ing to a crystalline mass. It gradually oxidizes in the 
air forming oxyphosphobenzene, {C^fl^'P),fi. On heating with 
concentrated hydrochloric acid it splits up into phenylphosphino 
and phosphophenyl chloride, which latter is, however, at once 
converted by the water present into phosphophenylous acid. 
This acid is also formed by oxidation with dilute nitric acid, 
whilst the concentrated acid converts it into phosphophenylic 
acid (Kohler and Michaelis). 



ARSENIC DERIVATIVES OF BENZENE. 

20I0 Arsenphenyl chloride, C^HjAsCl^. This is formed together 
with diphenyl, CigHj^, when the vapours of benzene and arsenic 
trichloride are passed together through a red-hot tube. The two 
compounds cannot be separated either by crystallization or 
distillation, and hence the chloride is best prepared by the action 
of arsenic trichloride on mercury phenyl.^ It is a colourless, 
powerfully refracting, not veiy mobile liquid, boiling at from 
252** to 255** and not fuming in the air. When cold it possesses 
a faint unpleasant Fmell, but when warm its odour is penetrating ; 
it acts on the skin as a powerful caustic. It is not attacked by 

^ Michnrlis, Bcr. DciUsch, Chem. Oca, viii. 499. 
^ La CoBt« aud Michaelis, Licbig'a Ann. ccL 191. 
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w?.ter even when boiling. With chlorine it combines to form a 
tetrachloride, but bromine decomposes it with formation of 
paradibromobenzene. 

Arsenphcnyl oxid^, CgHgAsO, is prepared by the action of a 
solution of carbonate of soda on the chloride ; it separates from 
alcoholic solution in crystalline crusts, which melt at from 119" 
to 120°, and possess when cold a peculiar odour resembling that of 
aniseed, but when hot have a very penetrating smell, the vapour 
attacking the mucous membrane of the nose violently. It does 
not dissolve in water but is soluble in alkalis. When strongly 
heated it decomposes into arsenic trioxide and triphenylarsine. 

Arsenphcnyl bromide, CgH^AsBrg, is obtained by warming the 
oxide with an excess of concentrated hydrobromic acid. It is a 
liquid possessing a faint smell and boiling at 285° with decom- 
position. It is readily converted by bromine into bromobenzene 
and arsenic tribromide. 

Arsenphcnyl icdidc, C^jH^AsIg, is a heavy, oily^ red-coloured 
liquid. When its alcoholic solution is treated with phosphorous 
acid, iodarsenobenzene, CqH^AsI.AsICqH,, is formed. This 
separates out in bright yellow needles, which on addition of 
iodine arc converted into the original compound. It is a very 
unstable body, and deliquesces in the air.^ 

Arsenphcnyl telrachloridc,CQH.r^AfiC\_^,CTysta\\izesin broad yellow 
needles meltinjnr at 45^ which fume in the air and are readilv 
decomposed by water. It behaves in quite a different manner 
with acids from the corresponding phosphorus compound ; it dis- 
solves readily in cold glacial acetic acid ; on warming no acetyl 
chloride is formed, but chloracotic acid is obtained, whilst sulphur 
dioxide does not act upon it. When heated in an open vessel, 
or when carbon dioxide is led through the warm liquid, it is 
decomposed into chlorine and arscnphenyl chloride. When 
heated to 150° in a closed vessel, it is converted into arsenic 
trichloride and monochlorobenzene. 

Arsenphcnyl oxychloride, C^jH^AsOCL, is formed when the 
tetrachloride is allowed to drop into the necessary quantity of 
water ; it may, however, be obtained more easily and in a purer 
condition by the combination of chlorine and arsenphcnyl oxide. 
It is a white crystalline mass which fuses about 100° and fumes 
slightly in the air. 

Phcnylarsinic acid, Q^r^}L%0{OTi)^, is prepared by acting on 
the oxychloride or tetrachloride with water. It is slightly 

^ Michael is and Schulte, Bcr. Dcvtseh. Chan. Gcs. xiv. 913. 
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soluble in cold, readily in hot water, and crystallizes from alcoliol 
in long prisms and compact masses. When heated to 140** it is 
converted into the anhydride, CgHgAsOo, an amorphous powdor 
which readily re-combines with water. It is a very stable 
compound which resists the action of powerful oxidizing agents, 
and is scarcely acted on by reducing agents ; on boiling with 
iodine and amorphous phosphorus it yields arsenphenyl iodide. 
When it is heated with soda-lime, benzene is formed, and 
this together with phenol is obtained on fusing it with 
alkalis.^ 

Phenylarsinic acid is poisonous; the symptoms begin and 
death follows rather more slowly than is the case with animals 
poisoned by arscnious acid, but hardly less raj)idly than with 
arsenic acid. The phenylarsinates of the alkali metals are 
acid salts, but possess a neutral reaction, and, with the excep- 
tion of the ammonium salt, they do not crystallize. The metals 
of the alkaline earths also readily form acid salts, which how- 
ever crystallize well. The heavy metals replace two atoms of 
hydrogen, and their salts are either slightly soluble or insoluble 
in water. 

DimdhyJjphcnylarsinCy AsCgH5(CH3)o, is formed when zini^ 
methyl acts on the dichloride. It is a thin liciuid which boils 
at 200° and possesses a pungent disagreeable smell.^ 

IH€ihyl2)henylar8in€, A&C^J^,fi^.^y is a colourless, powerfully 
refracting liquid which possesses a disagreeable smell and boils 
at 240°. It combines with chlorine forming diethylphenylarsim^ 
chloride, AsCQH^(C2Hg)2Cl2, which forms fine crystals. 

Triethylphenylarsomum icdidc, AsCQHr,(C2H5)3T, is obtained 
by heating diethylphenylarsine with ethyl iodide to 100°. It 
crystallizes from aqueous solution in prisms which have a very 
bitter taste, fuse at 112° — 113°, and are resolved into their con- 
stituents when heated in a current of carbon dioxide. Tlie 
strongly alkaline hydroxide and the chloride obtained from tlu^ 
above compound are syrupy masses (La Costc and Michaelis). 

201 1 Arseiidiphenyl chloride, (CqH5)2AsC1, is prepared by boil- 
ing an excess of arsenphenyl chloride with mercury phenyl. It 
is a light yellow, oily, non-fuming liquid which when heate<l 
has a powerfully pungent smell, and attacks the skin, though 
less violently than arsenphenyl chloride. It boils at 280° and 
is converted by alcoholic potash into arsendij)henyl oxides, 

' I^a Costc, Luhig's Avn. ccviii. 9. 
' Link and Michaelis, ibid, ccvii. 20?. 
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[(Cfl-T5)2As]^0, which forms a warty crystalline mass melting 
at dV—d2\ 

Arsciv I {phenyl trichloride, {C^^^k%C\^. This compound is 
formed by the combination of the monochloride with chlorine ; 
it crystallizes from benzene in tablets which melt at 174". On 
heating to 200" it decomposes into chlorobenzene and ar^en- 
phunyl chloride. 

Arsciidiphenyl oxychlcyride, [(CgHg'jg A^Cy 2^, is a white powder 
melting at 117°, and form erl by the direct union of chlorine with 
diphenylarsine oxide. Water decomposes it with formation of 
diphenylarsinic acid. 

Diphnylardnio acid, (CgH.)2AsO(OH), is prepared by the 
action of water on the trichloride. It crystallizes in long 
needles melting at 174°, and is a weak acid which, together with 
its soluble salts, acts as a strong poison, being more rapid in its 
action than phenylarsinic acid. Boiling concentrated nitric 
acid does not attack it. 

Biphenyhicthylarsine, Afi(GQH.^jCH.^, is obtained by the action 
of zinc methyl on the chloride. It is an oily, powerluUy refrac- 
tive liquid, boiling at 206° and possessing a very penetrating 
smell. 

Diphenylclhylarsine, As{Q^^.fi.^^, boils at 220°, and has a 
not unpleasant fruity smell. It combines with chlorine to 
form diphenylethylarsine chloride, crystallizing from benzene in 
long needles fusing at 137°. 

2012 TriphcnylarsinOy A%{Q^^^/\s{oruiQA when arsenphenyl 
oxide is heated to 180°— 200° : 

3CcH,AsO = (CeH,)3As + As.Oy 

It can however be prepared more readily by acting on a 
mixture of arsenic trichloride, bromobenzene and ether with 
sodium.^ It crystallizes from arsendiphenyl chloride in thin, 
brittle plates having a vitreous lustre, and melting at 58° — 59**. 
In a current of carbon dioxide it boils above 360° and does not 
combine with ethyl iodide even on heating. 

Triphcnylarsinc chloride, (0^115)3 AsClg, crystallizes from hot 
benzene in plates which fume slightly in the air and melt at 
171°. When heated in a closed tube it decomposes into 
arsendiphenyl chloride and chlorobenzene. 

Triphcnylarsinc hydroxide, (C(jH^)3As(0H).,, is formed by 

^ Michaelis and Reese, Bcr. Dcutsch. Chcm. Ges, xv. 2876. 
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boiling the chloride with water, or better with dilute ammonia. 
It crystallizes on evaporation in plates or white needles wljich 
melt at 108°. Over sulphuric acid it effloresces at 105** — 110°, 
forming iriphenylarsine oxide, {Q^^)^k%0, melting at 189^ 

Triphcnylarsiiu sulj^hide, (CgH5)3AsS, is obtained by fusing 
triphenylar^iiie with sulphur, or more easily by boiling tri- 
phenylarsine chloride with yellow ammonium sulphide. It is 
insoluble in water and the alkali-sulphides, but crystallizes from 
hot alcohol in silky needles melting at 162° (La Coste and 
Michaelis). 

Atsenohcnzene, Cfir^k&z^ks^C^^, This body is formed by 
the action of most reducing agents on an alcoholic solution of 
arsenphenyl oxide, C^H- AsO ; the best method is to boil it with 
crystallized phosphorous acid : 

CoH^As 
2CoHjAsO + 2PO3H3 = 11+ 2P0«H,. 

CeH,As 

It crystallizes in yellowish needles, melting at 196°, slightly 
soluble in alcohol, but readily in benzene; the solution soon 
becomes resinous. On heating strongly it decomposes into 
triphunylar.>ine and metallic arsenic ; chlorine converts it into 
arsenphenyl chloride.^ 



ANTIMONY DERIVATIVES OF BENZENE. 

Trvphfnylstihiiie, ^h{C^^^. is formed when a mixture 
of bromobenzene and antimony chloride dissolved in ben- 
zene is heated with sodium. It is slijjhtlv soluble in alcohol, 
and crystallizes in small plates which have a faint unpleasant 
smell, and fuse at 48°.^ 



BORON DERIVATIVES OF BENZENE. 

2013 Phenylboron chlcride, Q^^Cl^. When boron trichloride 
is heated to 180° — 200° with mercury phenyl, this body is 
formed. It is a colourless liquid which fumes in the air, and is 
violently decomposed by water. It boils at 175°, solidifying at 
the ordinary temperature to a crystalline mass which melts 

* Miclinelis niid Snliulte, Brr. DnitscJu Chcm. Qcs, xiv. 912. 
' Aiicliadis aud \xQ)6»Qt ibid, xv. 2^76. 
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about 0°. At the ordinary temperature it does not absorb 
chlorine, but when placed in a freezing mixture it takes up 
about two atoms, becoming liquid. If the freezing mixture be 
removed, a portion of the compound produced is resolved into 
chlorine and phenylboron chloride, another part yielding chloro- 
benzene and boron trichloride : 

CgH^BCl^ = C0H5CI + BCI3. 

This decomposition corresponds exactly to that of arsenmethyl- 
tetrachloride into methyl chloride and arsenic trichloride. 

Fhcnylhcric acid, CjjHgB(0H)2, is obtained by slowly dropping 
the chloride into water. It crystallizes from warm water in 
aggregations of needles melting at 204" and volatilizing slightly 
in a current of steam. The acid reddens litmus feebly and 
yields crystallizable salts. 

Scdinm 2>hcnylborate, Cf^^^B(Ol!iB.)^y is soluble in water and 
crystallizes in large quadratic tablets. 

Acid calcium jphenylborate, (CgH5B02)CaH2, forms warty 
druses. 

Acid silver phcTtylboi^ate, CgH5.B0Ag(0H), is a yellow precipi- 
tate which rapidly undergoes change on exposure to light. It 
is formed by adding silver nitrate and some ammonia to a 
solution of the acid. Heated with water it decomposes into 
benzene, boric acid, and silver oxide : 

2C,H,B0,AgH + 3H,0 = 2CeH, + 2B(OH)3 + Ag^O. 

Ethylphenylhoratc, Q^fi(OC^^^, is formed by acting on 
the chloride with absolute alcohol. It is a colourless, pleasantly 
smelling liquid, boiling at 176"* and readily passing into the acid 
on standing in moist air. 

A characteristic reaction for phenylboric acid is that, even in 
very dilute solutions, it gives a precipitate of phenylmercuric 
chloride with corrosive sublimate solution : 

CoH,B(OH)2 + HgCl^ + H,0 = CoH.HgCl + B(0H)3 + HQ 

By this test one part of the acid in 25,000 parts of water 
can be detected. 

PhcnTjlhoron oxide, CoH^BO. This anhydride of phenylboric 
acid is obtained when the latter compound is heated above its 
melting-})oint. It ftjrius a colourless crystalline mass which 
melts at 190° and boils without decomposition above 360". 
It is soluble in alcohol and other, but not in water, although it 



PHENYLSILICON CHLORIDE. 365 

■ 

combines with water on long continued boiling, yielding phenyl- 
boric acid.i 

Boric acid possesses well-known antiseptic properties, and it 
was natural to expect that its phenyl compound would exhibit 
similar properties in even a more marked degi*ee. The experi- 
ments of Filehne and Rothaas seem to promise a future for 
phenylboric acid in therapeutic practice, as it possesses a 
mild aromatic taste, and even when taken in large doses does 
not produce any corrosive action, only giving rise in the human 
subject to singing in the ears, giddiness, and headache, which 
soon disappear, though it acts as a powerful poison on the lower 
animals. Thus, 2 mgm. acts fatally on a frog, whilst O'o grm. 
can be given to a rabbit without producing any serious eftects. 
Its antiseptic action is from five to ten times as powerful as 
that of its sodium salt ; a solution of the acid of the strength 
of 1 to 100,000 diminishes the rate of putrefactive decom- 
position, and meat can be preserved fresh in a solution of 1 to 
5,000 provided the quantity of preservative solution employed 
is large enough to prevent the acid from being neutrahzed by 
the alkaline salts contained in the flesh. The formation of 
bacteria is prevented by a solution containing 1 to 1,000, and 
greatly retarded by one of from 1 to 10,000.^ 



SILICON DERIVATIVES OF BENZENE. 

2014 Phenylsilicon chloride, CgH^SiClg, is obtained by heating 
silicon tetrachloride with mercury phenyl to 300°. It is a 
powerfully refractive liquid which fumes in the air and possesses 
a smell similar to that of silicon chloride. It boils at 197°, and 
on ignition bums with a strong, smoky, green-mantled flame, 
leaving a residue of silica. 

Phenylsilidc acid, or Silico-henzoic acid, CgH5.SiO.OH, is formed 
when the chloride is added drop by drop to an excess of dilute 
animonia. The acid which separates out is dissolved in ether, 
and on evaporation remains as a transparent mass resembling 
solidified beads of molten glass. From alcoholic solution it 
separates out as a syrup which dries to a solid mass and is then 
insoluble in alcohol though dissolving in ether. It melts at 92°, 

* Michaelis and Becker, Ber, DetUsch. Chcm. Oes. xiii. 58 ; xv. 180. 
^ Michaelis and Becker, ibid, xv. 182. 
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and dissolves in caustic potash, from which it is not reprecipi- 
tated by hydrochloric acid, but if this solution be allowed to stand 
in the air, or if ammonia be added to the acid solution, the acid 
separates out. On evaporating the alkaline solution and heating 
the residue, benzene distils over : 

CoHgSiOgK + KOH = CeH^ + SiOjK^. 

Tiiis decomposition corresponds to that of benzoic acid into 
benzene and carbon dioxide. 

The salts of this acid have not been prepared. If the acid 
be dried at lOO*" it is converted into silicobenzoic anhydride, 
(CgH^SiO)^©, an amorphous powder which, like the acid, bums 
with a smoky flame, silica coloured black by carbon remaining 
behind. 

riunTfhilicon ether, or Ethyl orthosilicohenzoate, CeH5Si(0 03115)3, 
is formed by the action of the chloride on absolute alcohol, and 
is a pungent smelling ethereal liquid boiling at 235^ When 
heated with doncentrated hydriodic acid, siUcobenzoic acid is 
formed : 

CeH,Si(0aH^3 + SHI = CeH,.SiO.,H + SCsHJ + H^O. 

Silicontricthylphcnyl, Q^^\[C.^^c^y is obtained when the 
chloride is h ated witli zinc ethyl from 150° — 1C5°. It is a 
colourless liquid boiling at 230°, its vapour posse sing a faint 
smell of oil of cloves. The chloride, SiCiollij^Cl, is formed by 
passing chlorine into the above compound, kept well cooled ; it 
is a thick licjui^l boiling between 260° ami 265°, and possessing* 
a faint aromatic odour. It is not converted into an acetate when 
treated with an alcoholic solution of potassium acetate even at 
250°, and it is therefore probably silicon ciilorophenyltriethvl, 
C,H,ClSi(C,H,\.i 

Silicontetr(q)hcnyl, or SilicontctraphenylnicthaTie, ^i(S^Q^d** ^ 
formed by the violent reaction of sodium on a mixture of silicon 
tetrachloride and chlorobenzene, diluted with ether, to which 
some acetic ether has been added. It is sparingly soluble in 
alcohol and ether but readily in hot benzene, separating from 
this solution as a crystalline powder, or in larger ill-defined 
crystals; it molts at 228° and boils above 360°. On heating 
in the air it burns with separation of light flocks of siUca 
which are carried oflf by the products of combustion, leaving no 
residue.^ 

^ Ladenburg, Ann, Chan, Phann, clxxiii. 151. 
' Polia, Ber. Deutach. Clicm. Oes. xviii. 1540. 
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TIN DERIVATIVES OF BENZENE. 

2013 Tin trkthylphenyl, C^^^n{C^r)^, is formed when a 
mixtue of triethyl tin iodide and bromobenzene diluted with 
ether is heated with sodium : 

CgH^Br + (C2H5)3SnI + 2Na = (C2H5)3SnC6H5 + NaBr + Nal. 

It is a colourless, powerfully refractive liquid possessing rather 
a pleasant smell, and boiling at 254". Ite vapour undergoes 
partial oxidation on exposure to air, and on ignition it bums 
with a luminous smoky flame leaving a residue of tin. If its 
alcoholic solution be warmed with silver nitrate, a fine silver 
mirror is deposited and diphenyljCioH^^^, and triethyl tin nitrate 
are formed. When acted on by iodine it decomposes into iodo- 
benzene and triethyl tin iodide, while fuming hydrochloric acid 
converts it into benzene and triethyl tia chloride. 

Ethylphenyl tin chloride, CQH5(C2H5)SnCl2, is formed by the 
action of tin tetrachloride on the last named compound : 

C8Hs(C,H,)3Sn + SnCl, = CeH,(C,H^SnCl, + (C,H,),SnCl3. 

It crystallizes from ether in scales which melt at 45° and are only 
slightly soluble in water and hydrochloric acid, but dissolve 
readily in absolute alcohol.^ 

Diphenyl tin chloride^ (CQH5)2SnCl2. In order to prepare this 
compound, a mixture of equal parts of tin tetrachloriile and 
mercury phenyl with petroleum spirt is boiled in a flask con- 
nected with a reversed condenser for twelve hours, and the liquid 
then distilled at a ten:perature below 160°. The product obtained 
from 300 grms. of mercury phenyl is next poured into 500 to 
750 cbc. of cold water and the mixture well shaken. The 
aqueous solution contains hydrochloric acid, stannic chloride, and 
diphenyl tin chloride ; it is warmed on the water-bath from 85° 
to 90°, when, after standing for a short time, a part of the 
diphenyl tin chloride separates out as a heavy oil. The aqueous 
solution is then poured off and again warmed for two hours, 
a gunamy powder being deposited. Tliis consists of a mixture 
of the chloride and hydroxychloride ; this is then removed, and 
after heating for two hours almost pure hydroxychloride sepa- 
rates out, and at last a mixture of this compound with diphenyl- 

' Ladcnbiirg, Ann, Chem. Pharm. cliz. 251. 
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tin oxiJe and stannic oxido. Tlie jnire cldoride U obtained from 
this laat named mixture and from that of diphenyl tin clUoride 
and lijdroxychloride by passing liydrocltloric acid gas over the 
substance and (inally wanning to 45°.^ The product is tliea 
extracted with petroleum sjiirit. 

Diphenyl tin chloride is readily soluble in alcohol aod petro- 
leum apirit, crystallizing from the latter solvent in compact, 
transparent prisms often an inch in length, which have a 
diamond lustre and belong to the tricUnic system. It posscssea 
a penetrating sweetish taste, melts at 42° and boils with partial 
decomposition at from 333' to 337°. When heated with con- 
centrated hydrochloric acid to 100° it decomposes into benzene 
and stannic chloride. 

Diphenyl tin hydroxyddoridf; (C^^^n{OW)C\, is formed 
when the chloride is gently warmed with water, or when it is 
exposed to must air. As stated above, it is also obtained in the 
preparation of the chloride, and it is prepared in the pure state 
from the product, containing some chloride, by washing it with 
alcohol and then allowing the residue to stand for some time in 
contact with water. 

It is an amorphous powder, fusing at 187° and insoluble in the 
ordinary solvents. Concentrated hydrochloric acid converts it 
into the chloride, 

Diphenyl tin oxUh, {C^^^xiO, is obtained by the decompo-- 
sition of the chloride or hydroxychloride by alkalis. It i 
white powder which after drying does not fuse, and possesses 
analogous projierties to the hydroxychloride. 

Diphenyl tin chlorohromide, (CgHj)jSnClBr. When hydto- 
bromic acid gas acts upon the chloride or osychloride, this com- 
pound ia formed. It closely resembles the chloride but posf 
a more powerful odour, and separates from its solutions i 
oily liqiud which is converted iuto a mass of crystals on In-in^ 
ing into it a fragment of the crystallized compound. Tbesa 
crystals fuse at 37°. 

Dipbenijl tin dUm-iodule, (C„Hj,)„SnClI, is formed in 
way to the above-mentioned compound. It crystallizes in t 
parent, glistening mouoclinic prisms melting at 130°. 

A fact wortliy of note ia that by the action of hydrobromic o 
hydriodic acid.t on the chloride, the wealter halogen displaces 
the stronger, just as pbosphenyl chloride is converted by hydro 
btem ic acid intrv pbosphenyl bromide. This shows that diphenji 
' ArouUrim, .■fnn. C'A™i. /"Aarun-siiv. 14,1. 
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tin chloride does not act like the chloride of an organo-metallic 
radical but like that of a non-metal. 

Diplunyl tin hromidCy {G^^^n^v^, is formed by the action of 
hydrobromic acid on the oxide. It is a thick oily liquid, which 
on standing for some days does not solidify, but does so at once 
when a crystal of the chlorobromide is placed in the liquid, 
showing that this latter compound is isomorphous with the 
bromide, which it otherwise closely resembles. It melts at 38°. 
Hydriodic acid acts in a similar way on the oxide, but the iodide 
has not yet been isolated as it at once undergoes the further 
change into benzene and stannic iodide : 

(C,H,).Snl2 + 2HI = 2C,H, + SnT,. 

Biphcnyl tin di-dhyl ether, {G^^^i\{OQ^^,-^. This compound 
is prepared by adding sodium to a solution of the chloride in 
absolute alcohol. It separates from this solution in very bright 
cube-shaped crystals or in long prisms which melt with decom- 
position at 124° and are readily decomposed by water into the 
oxide and alcohol. 

TripJienyl tin ehloride, {Q^^^^nCl, is prepared by the action of 
sodium amalgam on an ethereal solution of diphenyl tin chloride, 
or by heating the latter in a current of ammonia from 100° to 
200°. Alcohol extracts from this triphenyl tin chloride and 
stannic chloride, whilst diphenyl tin hydroxychloride remains 
behind. This latter compound is probably derived from 
(CgH5)3SnCl(NH2) which is previously fonned. The reaction, 
doubtless, takes place in two separate stages : 

(1) 3(CeH5)2SnCl2 = 2(CcH,)3SnCl + SnCl^. 

(2) (C,H,)2SnCl., + 2NH3 = (CeH,)2SnCl(NH2) + NH,a. 

The best mode of preparing triphenyl tin chloride is to dissolve 
one part of diphenyl tin chloride in from four to five parts of 
glacial acetic acid, and to add one molecule of sodium nitrite for 
every molecule of the former compound. Triphenyl tin chloride 
is here formed in the same way as above but, in this case, it is th.e 
chief product. At the same time nitrosobenzene ^ is produced : 

(CeH5)2SnCl2 + N2O3 = 2CeH5NO + SnOCU. 

Triphenyl tin chloride separates from solution in large crystals 
melting at 106°. Its alcohoUc solution yields a gelatinous 

* Aronheim, Ba- Dcutsch Chcm. Gcs, xli. 509. 
VOL. HI. — PART in. B B 



precipitate witli ammonia, and this on drying forms a wbite, 
strongly electric powder wbich melts at 117" to 118', and has tha 
formula 2(CeH5)3SnOH+3HjO, or [(C^HJ.Snl.O + 4H,0. It U 
soluble in hot water and yields stable, cryatallizable salts. 



MERCURY DERIVATIVES OF BENZENE. 

2016 Mercnrij phrnyl, Hg(05Hj)j, was prepared byDreher and 
Otto by acting on bromobenzene with sodium amalgam.* 

The beat yield is obtained by boiling a mixture of bromo- 
benzene with its own volume of anhydrous coal-tar napbtlia 
boiling between 120° and 140°, one-tenth of its weight of acetic 
etiier and an excess of 2'7 per cent, sodium amalgam,- for soma 
hours in connection with a reversed condenser. The product 
is filtered whilst hot, and the crystals which deposit purified by 
recrystallization from benzene and absolute alcohoL 

This compound crystallizes from its saturated benzene solution 
in small, brilliant needles, which have a strong lustre and 
resemble asbestos. It separates from dilute solutions in long 
white prisms, which melt at 120°, and with care can 
sublimed. It is somewhat volatile in a current of steam, but 
boils far above 300°, being then partially converted into 
mercury, benzene, diphenyl, and charcoal, and completely 
converted into these products at a red-heat. 

It is odourless, perfectly insoluble in water, slightly soluble in 
cold, more readily in hot alcohol and ether, but very solublo in 
benzene, carbon disulphide, and chloroform. 

Ladenburg, when working with this compound. 8u£fered 
severely from the irritant power of its vapour, especially un the 
eyes, and became so sensitive to its action that he found himsell 
unable to remain in the room where it was being prepared. 

When hydrochloric acid gas is passed over it, thia compouni) 
spUts up into benzene and mercuric chloride ; the concentrst«<{ 
aqueous acid acts in a similar way, as does strong hydriodic OT 
moderately concentrated sulphuric acid, &c. Tho halogens- 
decompose it, according as an excess is employed or not, either 
into monochloro-substitution-products of benzene and salts of 
inenury, or into those of mercury phenyl. On hcatmg it witli . 
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sodium, benzene and sodium amalgam are obtained. It com- 
bines with sulphur trioxide forming mercuric benzenesulphonate 
(C,H,S03)2Hg. 

Phenyl mercury hydroxide , CgH^HgOH, is readily formed by 
the decomposition of the haloid salts by alkalis, but is best 
prepared by acting on the alcoholic solution of the chloride with 
moist oxide of silver.^ It forms small rhombic crystals slightly 
soluble in cold but readily in hot water, benzene and alcohol. 
It acts as a powerful base; its aqueous solution has a strong 
alkaline reaction, precipitating alumina from its salts, decom- 
posing ammonium salts and absorbing carbon dioxide horn 
the air. 

Phenyl mercury chloride, CgH^HgCl, is best obtained by heat- 
ing equal molecules of mercury phenyl and mercuric chloride 
together with alcohol in a sealed tube at 100** — 110°. It crystal- 
lizes in rhombic scales melting at 250° and subliming when 
gently heated ; these are insoluble in water and slightly soluble 
in cold alcohol. 

Phenyl m^ercury hromide, CgHgHgBr., is fonned, together with 
bromobenzene, when equal molecules of mercury phenyl and 
bromine dissolved in carbon disulphide are brought together. 
It crystallizes from a hot mixture of alcohol and benzene in 
glistening rhombic scales melting at 275° — 276°.^ 

Phenyl mercury iodide, CgHgHgl, is prepared in a similar way 
to the bromide, and also forms rhombic scales melting at 20*)° — 
266°. Sodiiun amalgam decomposes it into mercury, mercury 
phenyl, and sodium iodide. 

Phenyl mercury nitrcUe, CgHgHgNOg. This body is prepared 
by boiling the chloride with alcohol and silver nitrate. It is 
insoluble in water, but dissolves slightly in cold and readily in 
boiling alcohol and benzene, crystallizing in fine rhombic tablets 
possessing a silky or pearly lustre. 

Phenyl mercury carhonaie, (CgH5Hg)2C03, is obtained by the 
action of silver carbonate on the chloride. It crystallizes in 
small white needles slightly soluble in boiling water, readily so 
in alcohol. 

Phenyl mercury cyanide, CgHgHgCN. This is formed when 
mercury phenyl is heated with mercuric cyaiude and alcohol 
to 120°. It crystalUzes in long, glistening, rhombic prisms, 
fusing at 203°— 204°. When heated to 120° with strong hydro- 

1 Otto, Joum. Prakl. Chcm. [2], i. 179. 
« Ibid. i. 186. 
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chloric acid, it decomposes into benzene, formic acid, sal-ammoniac, 
and mercuric chloride, whilst when heated with alcoholic potash 
it yields mercury, benzene, and potassium cyanate : 

CeH^HgCN + KOH = Hg + CeH^ + CNOK. 

Phenyl mercury formate, CgHgHgCHO,. When mercury phenyl 
is heated with concentrated formic acid this compound is pro- 
duced together with benzene. It crystallizes on cooling in small 
plates having a vitreous lustre, and fusing at 171°. 

Phenyl mcrciiry acetate, CgHgHgCgHgO,, is obtained iu a 
similar way, and crystallizes from boiling water in small, oblique, 
rhombic prisms having a vitreous lustre, which are usually 
grouped in star-shaped masses and fuse at 148° — 149°.^ It 
is also easily prepared by boiling phenyl mercury iodide ^^dth 
silver acetate or by heating mercuric acetate with mercury 
phenyl and alcohol to 120° (Otto). 

Phenyl mercury myristatCy G^^^^Ji^O^, is formed when 
equal molecules of mercury phenyl and myristic acid are heated 
with alcohol to 120°. It is deposited in rhombic sCviles possessiii 
an unctuous touch. 






* otto, Joum. Prakt. Chcm. [2], i. 1S6. 
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Dimethyl acstoxiiui!, 169 
Dimethylamido-aiobcDzeDe, 308 
Diniethytaniline, 202 ; manaractara « 

205 
Dimethyl nniline-azyline, 312 
Dimethylnzylinc, 812 
DimethylbeCKcne, 11, 13, 14, IS, SS 
Dimethylcumidine, 23 
DimethyldiphenyltetratDtie, 978 
Dimethyl phecylaraine, 361 
Dimethyl ether, 187, 153, 1G4 
Di methyl parediamidobeozene, S42 
Dimethyliiaraia-auiline, 312 
Dimethyl phenyleae-gT^en, 827 
Dimethylqninoltrimelhylat " 

iodide, S6( 



Dimethvl styphonte, 14S 

DimethyUhioDoline, 342 

Dimethyl toluidine, 23 

DimethyUylidine, 23 

■■Duiitramidoplieiiol, 2 SO 

0'Dimtrsniidophenal, 250 

DiQitraaitiDes, 234 

DiuitniniBidiiiG, 2!>0 

Dinitrobeniene, S5, 41, 91 ; cooling 
spparatnt, ib. 

■-Dinitrodihydtoxyqilinone, 163 

^UinitrodihydroxyquinoDe, 164 

DinitniliydTazobenzeiie, 296 

ii-DinitrodipheDylamiDe sQlphoxid?, 
262 

3-DinilnxIipLenyUmine aulphoiide, 
262 

Dioitromesitjleue, 46 

DinitrotOBthyldiphenylamino lulph- 
oiide, 263 

a-Dinitrophena], 121 

;S-Din[tropheDol, 121 

Y-Dibitrophenol, 121 

j.Dioitniphfnol, 121 

i-Dinitrophenol, 121 

Dmitropbenob, 121, 137 

Dinitroqainol, 154 

Dinitroresorcinol, 143 

DinitrosonsoTcinol, 175 

Dinitrotoluene, 42 

Dihydroxybenzenes converted into di- 
hydroxy-ocida, 33 

Dioiythiodiphccylimide, 339 

DiphenylacetRmide, 211 

DipbenyUmiue, 206 

DipiienylareiQio acid, 862 

Diphenylbeniena, 80 

a-Diphenylbiuret, 220 

Dipnenylethane, 60 

Dipheayl ether, 106 

Diphenylethy Ursine, 362 

Diphenyl ethylene ether, 107 

Kphenylformamide, 210 

DiphenylKuanidine, 225 

Diphenylbydnzine, 29, 279 

Dipbenylketone, 80 

Diphenylnietadiamidiibenziine, 211 

Diphenylmethane, 30 

Diphenylmethylar))[iie. 362 
Diphenyl mothyleoe ellier, lOf 
Diphenyl fnide, 28 
DiphenylpantdiamidaheDzenc, 243 
Diphenylphosphine, 353 
DipheoylphoBphoric acid, IDQ 
Diphenylphoaphinic acid, 361 
Diphenyl phoBphoric chloride, 110 
Diphenyl phoephoTOB chloride, 851 
Diphenyl phosphoma trichloride, 851 
Diphenytsulphone, 21, ST 
Diphenyl thio-cjirbamide, 224 
Diphenylthiocarbazide, 282 
Dipheoylthioiieniicarbazide, 288 
Diphenyl tin bromide, 869 
Diphenyl tin chloride, 867 



Diphenyl tin chloriodide, 368 
Diphenyl tin chlorobromiiie, 368 
Diphenyl tin di-etbyl ether, 869 
Diphenyl tin hyilroiychloride, 368 
DipbeHyl tin oiido, 368 
Dipbospbenyl, 359 
Dipbosphenylic acid, 846 

Diphc -' "^ I-.— J. 

Dipict, 

Diresorcinol, 138 

Di- substitution prodacta, charactefiatio 

reactions of the, 61 
Di- substitution products of henlene, 



E. 

ECRTOELB, 307 

Emeraldine, 816 
EthenyUmidophenol, 247, 248 
Ethenyldiphenylamidine, 217 
EtbenyliaodipbenylamidiDe, 216 
EtheDylpbenylamidine, 2 1 7 
Ethereal oila, hydrocarbons of, 16 
Ethereal salta of phenyl nith inorganic 

acids, 108 
EthEreal salts of phenyl with organic 

Ethyl a'idehyde, 169 
Ethyl aldoiime, 169 
Ethylsniliue, 204 
Ethyllienzene, 11, 14 
Ethyl benzeneauIphonat«, 95 
Ethyl carhanilate, 223 
Ethyl chloranilate, 162 
Ethyl diphenylphosphinate, 352 
Ethyldiphenylphoaphine, 853 
EthyleDe-Bniline, 206 
EthyleiiepbeDyleDedinmine, 62 
EthylenefieTphenylpbosphooinnj bro- 
mide, 357 
Ethyl ether, 32 
Ethyl ethers of pyrogallol, 183 
Ethyliaothiacetanilide, 212 
Ethylmanveine, 324 
Ethylroauveine hydrochloride, 825 
Ethylmethylnniline, 204 
Ethyl orthosilicobenzoate, 866 
Ethyl oxanilate, 215 
Ethyl paradiamidobenzene, 243 
Ethyl paratnidophenate, 173 
Ethylpheiiylborute, 864 



Ethylpbenylsunicarbazide, 282 
Ethyl phenyl thio-carbamlde, 224 
Ethylphenyl tin cbloride, 867 
Ethyl p' * ""- 



Y. 
KiAVANiuKK, an 

Fluoriiu', BnbBtitutioQ producb of lieii- 

Fomunilide. SI, 209 
Formic ■ciJ. 7 J 
Furtnrl>lienylhviiraxine, Sfifi 



Galilen-omnge, 30H 
Or/nnl MlukU, 12B 
Gris-l.'oupiiT, 313 
OUBiacoL 134 



II A1 

«l 

phenols, 120 
Hmtj or dead oil, 70 
Holinntiiin, S13, 308 
IloptAinettiyl thiodiphooyluniiiiciniiun 

iodide. 33S 
llDXaciltohj'drQxylieim-be, 191 
HaJtbromn^orwonifin hydrobcoDuda, 

Heibtomobenwti*, 17, 8fl 
Hexbromoiihenol. 116 
HexbromorHiarcitiol, 112 
Hrxchlorobenzene, IT, S3, IfiO 
UexclilDTOquiiiliydronii, 166 
HexhydcoliaMene, 16, 78 
IloxbydrodiaiBtbj-lbaiimnB, 11 
HeilijdromethjIbBOzone, 18 
HeihjdroxrbeDEeDe, 191 
Hcxmethjibeiizene, II, M 
U^xmethy lortliod ipheiiylu 

io>lid«, 311 
Hexmetlky IiHinkdi|i] ictiy la 

dide, 21S 
HexmDthyltriamidol rifheny ) phosphi n d 

oxide, 8SS 
Hunitro-MOKsorafin, ISO 
Uexnitrodit^enylainine, 207 
Haxylben»ine, 11 

Hydrajtine derivBtivesof beiiMHi!, 27* 
Hydnuinm, 2S 
HyitruuilienttnD, 24, S9S 
HydruotMuxene, Rubstitution produots 

of. 299 
Hydruopbenylethyl. 29, 278 
Hydruor«H>riifln ether, 17S 
Hydrocirboiu in liakii petroleum, IS 
HydnjoMbona id C>iicju>*d [letrolemn, 



Hydroxy- and «niiJi>^lcriYitiTa of 

DZobenzen^, 300 
Hrdroiyu!obeiu4>ae, 302 
o-Hydroxy»iobeiueiiesulphoiiic ttii, 



T-Hydroxyuobenzencaultibgmc teUt, 

S-HydraxyweatieDicnesulnbtiik idd, 

SO* 
Hydraxybcnzeiies and illiod lodii^ It 
Hydmxyetbylauiliae, SOS 
HydroxyetiiylmetliyUniline, tU 
Hydroxyphenylpropjlene, IS 
HydroxypIirDylsulphoDe, 119 
Hydroxyijuinbrirone, 191 
Hydroiyijuinol, 190 
Hydroiyijuinol triethrl eOicr, 191 
Hydroiyquinonoxime^ 175 
HydroxysulpbolKiuado, 129 



t. 

IiliDcrrniUDirEiENiMHiiiE, iSl 

Indigo aubctitiile, 313 

IndcMtiiilK, 3S1 

IndopheDOls, 329 

Indulino hydrochloride, 81* 

Induline, 6 B., 815 

luditlinRS, mtei-Mliible, ud IfH 

soluble, 813 
lodkoilioes, 35, 331 
Iwline mbtititatioii product of )■ 

leno. 87 I of pheuol, IK : of MM 

cinol, 143 
lodobeii»eiin. 17, 87 
lodonitnnilinea. 236 
Iadonitrobetu>eB«, 91 
lodonitTOphenaU, 120 
lodopnTMiitrophenol, ISO 
lodoiihenol, 3G 
B-Iodorthonitropbenal. ISO 
fi-IodoTtboDiUopheaol, ISO 
Isohut^ric tdd, IS 
Isodioitroreiorciiiol, 143 
Isamerie compounds, 35 
IsomeriuQ in Ibe aromatic tixmiv 

33 
IsopDntonyldiplitTbyUniiiUn*, tit 
laopbUialM ooid, HI. 39, *1, 45 
1 80 purpuric acid, 120 
laothionino, 338 
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L. 



Lacquer, 65 
Lauth's white, 332 
Lauth's violet, 831, 332 
Lead picrate, 125 
Lead thiophenate, 131 
Leucodimethylphenyleiie green, 327 
LeiicodimethylthionoliDe, 342 
Leuco-isothioiiine, 838 
Leucouic acid, 193 
Leucosafianines, 322 
Leucothionol, 341 
Leucothioniue, 832, 336 
Leucothionoline, 341 
Light oil, 70 



M. 



Malic acid, 24 

Malonanilic acid, 215 

Manchester brown, 312 

Mauve, 319, 320 

Mauveine, 321, 823 

Mauveine acetate, 324 

Manveine and the safranines, 318 

Mauveine hydriodide, 324 

Mauveine hydrobromidc, 324 

Mauveine hydrochloride, 824 

Mauveine pi atini chloride, 824 

Melaniline, 225 

Mercuric acetanilide, 211 

Mercury derivatives of benzene, 870 

Mercury phenyl, 370 

Mesitylene, 14, 37, 88 

Mesitylenic acid, 38 

Metaazobenzencdisulphonic acid, 295 

Meta - ozoxybenzenedisulphonic acid, 

297 
Metabromaniline, 230 
Metabromaniline from bromonitrobcn- 

zene, 41 
Metabromobenzoic acid, 50 
Metabromonitrobenzene, 45 
Metabromophenol, 115 
Metabromoi-thonitraniline, 236 
Metabromotoluene, 41, 45, 50 
Metacliloraniline, 228 
Metachloropnranitraniiine, 235 
Metachlorortlionitraniline, 235 
Metachlorophenol, 113 
Meta-conipounds, 35 
Metadiamidobenzene, 44, 45, 62, 240 
Met adiamidobenzene hydrochloride, 

240 
Metadiazobenzenesulphonic acid, 267 
Metadibromauilines, 230 
a-Metadibromaniline, 230 
Metadibromazobenzene, 292 
Metadibromazoxybenzene, 297 
Metadibromohydrazobenzene, 299 
Metadibroniobenzene, 45, 86 
Metadichlomnilines, 229 



Metadichlorazobenzene, 292 
Metadichlorazoxybenzene, 297 
Metadichlorobenzene, 82 
Metadichlorohydrazobenzene, 2£9 
Metadichloroquinone, 158 
Metadihydroxyazobenzene, 805 
Metadihydroxy benzene, 138 
Metadi-iodaniline, 232 
Metadi-iodazobenzene, 292 
Metadi-iodazoxybenzene, 297 
Metadi-iodobenzene, 88 
Metadi-iodohydrazobenzene, 299 
Metadinitro-azobenzene, 292, 293 
Metadinitrobenzene, 45,. 92 
Metahydrazobenzenedisulphonic acid, 

295 
Metahydroxydiphenylamine, 208 
Meta-iod aniline, 281 
Meta-iodophenol, 35, 117 
Meta-iodophenol, from phenol, 41 
Meta-iodorthonitraniliue, 236 
Metamidobenzenesulphonic acid, 237 
Metamido-diazobenzenimide, 271 
Metamidodiphenyl thiocarbaniide, 246 
Metamidopheuol, 249 
Metamidophenylhydrazine, 280 
Metamidothiophenol, 260 
Metanitraniline, 283 
Metanitrobenzoic acid, 42 
Metanitro toluene, 41, 45 
Metanitrophenol, 119, 127 
Meta-oxybenzoic acid, 45 
Metatoluidine (liquid), 41 
Metaphenolsulphonic acid, 128 
Metapheuylene carbamide, 245 
Metaphenylene dicarbamide, 244 
Metapheuylene dithiocarbaniidc, 246 
Metaphenylenc-oxamic acid, 241 
Metaphosphoric acid, 346 
Metatoluidine, 45 
Metaxylene, 41, 45 
Methenylamidophenol, 248 
Methenyldiphenylamidine, 217 
Methyl amido-azobenzene, 308 
Methylaniline, 201 
Methylbenzene, 10, 11 
Methyldiphenylphosphine, 353 
Methyldiphenylphosphine oxide, 853 
Methyldiphenylaniine sulphone, 263 
Methylene-azure, 842 
Metliylene-azure io<lide, 842 
Methylene-blue, 333, 334 
Methylenehexplienylphosphonium io- 
dide, 357 
Methylene-red, 337 
Methylene- violet, 342 
Alethylene-white, 334 
Methylisothiacetauilide, 212 
Methylmetanitrophenate, 119 
Methylortho-amidophenate, 248 
Methyl-orthonitrophenate, 119 
Methyloxybenzoic acid, 21 
Methylparamidophenate, 249 
Methylparanitrophenate, 120 



HtthjIdtpheiiTltmiiiie, SO 7 
HetliylpneDftethyUlkiiie, iM 

M«thflpboQj]glfu>himide, SH 
Uetbylpheeylhyilruiiie, 277 
Methylpbenrlketoiu, 13 
UethylphenyltDlueiw, 60 
Hetbyl picramata, 3&Q 
Methyl picmta, 126 
MBthylthiacetiiiiUide, 212 
Uc^thykliiodiplieiiyUiiuiie, 263 
Miildle oil, 70 
lloiiobasic tolnic aoid, 13 
MoDobenzcnanil phonic nciil, 64 
Monobromobeniene, S4 
MonobromophenolB, IIS 
Monobramoquttioiic. 162 
Honochlorobenzenc, SO 
Manochlorobeiiteiie heichloridD, 81 
UoDocblarophenols, 113 
Moin>dilon>iiniD0nB, 157 
Hdnochlaroresoraiiuil, 141 
Mooacblorotolaane, 10 
MoiioflDobenHne, S8 
Mono-iodobiMWBna, 87 
Mono-iodoreaqrcinol, 142 
Mono-iodophenoli, 116 
Moiiomethyl nther, 163, 164 
MoQoiiitTO-nzobeazeDC. 2U2 
MonoiiiliopbBDDl, 118 
MoaonitroreBoreinol, 143 
MonaDitrosonworcisol, 175 
M on apheuy I phosphoric KcitI, 109 
MonoBnlpbonic acidi, 13 



N. 

Naphtha. fiS ; crude, 70 
NaphthBUne, 14, 16, 61 
Kigranilino, S17 
Ki|;roBine, SIS, 315 
a-Nitrnmiilopbenol, 24S 
S-Nitramidophenot, SSO 
7-Nitrnmidopbenol, 260 
NitraDilic acid, 1S3 
Nitranilinoa, 35, 43, 83, 2BS 



Niu 






Nitranisol, lie 
Nitro-amidobenzaic acid, 42 
Nitro-uobe ozena oceto-RCBtiD ociil, 

SUD 
Nitro-aiobeniens dimethylketono, 290 
Nitra-BZobenzeDcnitroliG acid, 293 
Nitroaobfiwene, 88 
Nitrobonzfliio, 89 ; light for blue or 

black, 90 ; heavy for rod. ih. 
NitrobenzeueButphonamides, SI) 
Nitrobenzciinulphonic acide, »3 
Nitrob«niene»ulnhoDyl chturidea, 09 
Niln>faetizoi« acid, 34 
NitrobromabeniaDB, 35 
NitTobromotfllnene. GO 
Hitrobromotoluidine, 60 
NitrocBtKjhol. 136 



yitro-chlorobenieiie, 35 
Nitro-CTBHol, II 
Nitro-iodobeuune, Si 
NiiroiDBntylflne, 46 
Nitronnphthalene, 3S, 86 
Nilrophenol, 10, 20, 4) 
Nitrophloroglucinol, IBS 
NitToplwspheiiyliii acid, 848 
Nitropbthalie acid. 88 
Nitropyrogatlol, 185 
Nitroqaercitol, 194 
Nitmquinol, 163 
Kitnxjuinonti, 16S 
Nitrosomethyluiiline, 92, 201 
Nitrophenoti, 118 
Nitrowpheools, 170 
Nttnisophcnylbydraiili*, 277 
NitroBO-aubatitntioQ produota of ben" 
ttne, 88 



Nitro-anbatitatian prodncts ofbenien^ 

89 
Nitro-subslilution jirodnota of phenol, 

118 
Nitro-snb.ititutioa prodacis of qninal, 

153 
Nitio-subatitution prodncbi of quiDDlit,, 

163 
Kilro-substitiiliwi prodarta of rasoi 

Dol, 143 
Nitraiotctramethyliiietadiuniiluban- 

xeoe, 241 
Nitroayi sulphate, 171 
NitraColuenii, from tolaeoe (liijnjd), 

41 
Normal ethyl pKoaphrayUW, 347 
Nonnal calcium jihnspheuylate, S47 
Norma] phenyl phosphate, 110 
Normal phenyl phoaphonylatf, 817 
Nonnnl audium phosplicnylata, 8(7 

0. 



irLilvnuAKtae, 284 
Oil, light, 70 ; crude. «. ; haavy, it. 

creosote, ib. i authracBUe, ib. 
Orange N., 309 
Orange III., 808 
Orange IV., 309 

Orieutation in the arotnatlc aariM, S6 
Orthamidodiphenyl thiocarbamida, 
Orthamldobeiizene sulphonic acid, : 
Ortho-Binidophenol, 2 IT, 260 
Orlho-aiiliiidine, 248 
Ortho-aEopbenoi, 305 
OrLhobroniuiiline, 230 
Orthobromonitrobenzenv, 45 
OrthobromopBranttraniliiie, 236 
flrthobromophenol, 116 
Orthobroraotolnene, 4S 
Orthoehloraniline, 228 
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Orthoclilorometanitraiiilinc, 235 
Orthochloroparanitranilme, 235 
Orthochlorophenol, 113 
Ortho- compounds, 35 
Orthodiamidobenzene, 43, 45, 62, 288 
Orthodiamldobenzeue hydrochloride, 

238 
Orthodiamidophenyl disulphide, 261 
Orthodiazopbenol chloride, 272 
Orthodibromaniline, 230 
Orthodibromobenzene, 45, 85 
Orthodichloranilines, 229 
Orthodichlorobenzene, 82 
Orthodihydroxybenzene, 133 
Orthodimethoxyanilidoqainone, 259 
Ortbodinitrobenzene, 45, 92 
Orthodi-iodobenzene, 88 
Orthodihydroxybenzene, 43 
Orthohydroxyphenyl hydrosulphide, 

186, 137 
Orthohydroxyphenylmercaptan, 137 
Ortho-iodoparanitraniline, 236 
Ortho-iodophenol, 117 
Ortho-iodophenol, from phenol, 41 
Orthonitraoiline, 63, 233 
Orthonitro-azoxy benzene, 297 
Orthonitrophenol, 63, 119, 127 
Orthonitrotoluene, 42, 45 
Orthophenol sulphonic acid, 128 
Orthophenylene carbamide, 245 
Orthophenylene dioarbamide, 244 
Orthophenylene thio-carbamide, 246 
Orthophosphoric arid, 346 
Orthotoluic acid, 49 
Orthotoluidine, 45 
Orthotoluidine (liquid), 41 
Orthoxy benzoic acid, 82 
Orthoxybenzj'l alcohol, 30 
Orthoxylene, 41, 45 
Oxalamidothiophenol, 260 
Oxalyldiphenyldihydrazide, 281 
Oxanilic acid, 215 
Oxanilide, 214 
Oxy-acids, 33 
Oxyazobenzene, 28 
Oxybenzoic acid, 25, 34, 39, 41 
Oxythiodiphenylimide, 339 
Oxytoluene, 11 



P. 



Para-azcbenzenedisulphonic acid, 295 
Para-azophenol, 805 
Parabromaniline, 35, 230 
Parabromaniline, from dinitrobenzeue, 

41 
Parabromaniline hydrochloride, 230 
Parabromonitrobenzene, 45 
Parabromophenol, 115 
Parabromorthonitraniline, 236 
Parabromotoluene, 41, 45 
Parabromotoluidine, 60 
Parachloraniline, 35 



Parachloraniline hydrochloride, 229 
Parachlorophenol, 113 
Parachlororthonitraniline, 235 
Para-compounds, 85, 36 
Pai-adiamido-azobenzene, 310 
Paradiamidobenzene, 45, 241 
Paradiamidobenzene hydrochloride, 

242 
Paradiamidophenyl disulphide, 261 
Paradiazo-anisol nitrate, 273 
Paradiazobenzenesulphonic acid, 267 
Paradiazophenol chloride, 272 
Paradiazophenol nitrate, 272 
Paradibromaniline, 230 
Paradibromazobenzene, 292 
Paradibromazoxybenzene, 297 
Paradibromobenzene, 43, 45, 85 
Paradibromohydrazobenzene, 299 
Paradichloraniiine, 229 
Paradichlorazobenzene, 292 
Paradichlorazoxybenzene, 297 
Paradichlorobenzene, 81 
Paradichlorohydrazobenzene, 299 
Paradichloroquinoue, 157 
Paradihydroxy benzene, 146 
Paradi-iodazobenzcne 292 
Paradi-iodazoxybenzene, 297 
Paradi-iodobenzene, 87 
Paradi-iodohydrazobenzene, 299 
Pai-adimethylamido-anisol, 249 
Paradinitro-azobenzene, 2P2 
ParadiDitrobenzene, 45, 93 
Parahydroxydiphenylamine, 208 
Para-iodaniline, 85, 231 
Para-iodophenol, 85, 41, 117 
Para-iodorthouitraniline, 236 
Paramidobcnzene-azodimethylauilinc, 

810 
Paramidobenzenesul phonic acid, 237 
Paramidophenol, 249 
Paramidodiphenyl tliiocarbamide, 246 
Paranisidine, 249 
Pnranitraniline, 85, 234 
Paranitro-azoxybenzene, 297 
Paranitrobenzene, 43 
Paranitrobromobenzene, 35 
Paranitrochlorobenzene, 35 
Paranitro'iodobenzene, 35 
Paranitrophenol, 118, 119, 127 
Paranitrosodimethylanilinc, 204 
Paranitro toluene, 42, 45 
Paranitrotoluene, from toluene (solid), 

41 
Para-oxy benzoic acid, 34, 89, 41, 45 
Paraphenolsul phonic acid, 128 
Paraphenylenediaraine, 35, 41 
Paraphenylene carbamide, 245 
Paraphenylene dicarbamide, 245 
Paraphenylene dithiocarbamide, 246 
Paraphenylene thiocarbamidc, 246 
Parasafranine, 321, 325 
Parasafranine hydrochloride, 325 
Parasafranine nitrate, 325 
Paratoluidine, 45 



Psraloluidine (solidj, 4t 
Pawijleua, 34, il, 46 
PaTMO-aniline, 810 
PenUbromtmiline, 231 
FentabroiDotMMizeDe, 86 
FunUbromoplieaol, llfl 
P«nUbTomonsi>rcinoI, 142 
Pintachlonmliao, 220 
F«iiUehlon>ben»ne, B3 
PentaelllorobenMdelie ilioUoriilf, 17 
PentacetDqnercitol, 104 
Peotachlororeaarcinol, 141 
PeDUmelhylbenteDe, 11. 14 
PenUnitroiyqUErciU)!, 194 
Pentjlbenzene, 11 
PeraahlonuiiliDts 32S 
Perbroniopheuol bromide, 11 S 
PeKhlorDphenol, 114 
PBrChlotophenol chloridit, 115 
Perehlorophenyleno oxide, 115 
Patroieaiu, bydrocarbons in, 16 
PbeniuitbrenB, 61 
PhennteB, 104 
PbenolbidiaioboDienp, 304 
PhuBol-blus. 330 
Phenol, ee ; I'eactiona of, 103 ; uansof, 

104 
Phenol, chlorine substitatioo pimlueta 

oI,113 
PbeuoUisiilphonic «cida, 129 
•-Hieuoldigiilphoiiic acid, 129 
^Pheuoldisalplioaic iu.-id, ISC 
Phenol ethen, 20 
Phonolgluooaide, 107 
PhouobnonoBulphonic aciiia, 128 

Phenol, nitro-subBtitutioE proJncla of, 

118 
PhHDol potnsaiuQ), lOS 

Phenola, 19 

I'heiJolB, colouring nin tiers frotn. 
176 

Pbeiiola, the colour roBctions, 21 

Phouolaalphouio acid, 10 

Phenolsalpboniu add, 26 

Phenol, BuIphuT compoiiudaor, 136 

PhenoltriHulpliontc acid, 129 

PhenocittinonQ, 167 

PIientHiarranino, 326 

Phcnosafranino hydrochloride, 322, 
S3fl 

Phenox; dipbeuyl mothy Ipboaphonium 
ioiUdv, 3S4 

PhenoxydiphenylphoBphinp. 3B4, 358 

PJcnoxydipbcDylpboaphiiu oxide, 3R4, 
SGS 

Phenox ydipiiBuy IphotipUin a bu I pbid", 
SSt 

Pbnuylacetiimide, SIO 

Phenyl noeUte, 111 

PhmylacrylaldehydD, IS 

PfaimyUcrylic acid, 12 

Phenyl nleohol, 10 



Phony lamidineg, 216 
Pheayiamido-acetic acid, 213 
Pbinylamido-aiobenzeae, 309 
Ph eny Umida-aiobGiiienesii] phonic acid, 

809 
Phenyl amyl ether, 107 
PbeuylnniliDe, 206 
PbenylsTBtnic acid, 860 
PhfnylazoreBoreinol. 30E 
Phenyl heuialdehydine, 03 
Pbenylbenzano, 60 
Phenyl betainamide, 213 
Phenyl betatnn, 2IS 
Phenylboric acid, 364 
Pbenylboroi] chLoride, S63 
Pbenylboroa oxidv, 364 
Phmylbutylene, 12 
Phenyl carbamate, 110 
Phenylottrbamidoa, 222 
Phenyl corbamine, 218 
Phraylcarbaaikte, 223 
Pheuylcarbimido, 219 
PhenylcHrbimide hydrcvUoridu, 218 
Phenyl carbonate, 110 
Phenyl cbloracetate. 111 
Phenyl cyanamide, 920 
Phenyl cy»nnraniide, 220 
Phenyl eyannrate. 220 
Phenyl di-iiocyaniLte. 219 
Pheiiyldimetbyl carbiiiol, 29 
Phenyl diphenylphoHphiriato, 354 
PheuTldisazonjsarcunol, 305 
Phenyl dianlphide, 133 
PbenylouB-brown. 82, 312 
Phetiylcue carbainidoA, 245 
Pbenylenodioinine, 23, 36, 41, 4St 

Phenyl ethera, lOfi 
Phenylethyl alcohol, 29 
Phenyl ethyl carbonate, 110 
Phenyl ethylene, 12 
Phenyletbylene i^lycol, 30 
Phenyl ethyl ether, 1(J6 
Phony Iforinamido. 31 
PUcnylgolftfilosnzone, 290 
Pheuylglncomzoue, 286 
Phenyl Rlyuerol, SO 
Pbenylt;lycocoll, 213 
Ph6nylglycoUiBa<;id, 111 
Phenyl^nanidinei, 225 
Phenylhydrazidaselic add, S64 
Phenyl hydrazidopropi"mo nctd, !8S 
o-PhanylbyrtraiopropiouBniide. 287 
a-PhHoylbydrMifloproprioniiril, 237 
B-Pbenylhvdr»iido-iso!mtyroiiitiil, ; 
Phenyl hydrazine, STfl 
Phenylbydmzineaeelo arelie acid, » 

" nlyoxylic acid, 2S4 

hydrochloride, S8, 



Phenyl hydrt 

Phenylhydrarin 

275, 276 
Phenyl hydtarin 
Phenylhydraiin 
Pbeoylhydnirin 
Phsnvlliydraziu 



IfleTulinu: aaid, S.. 
meaoiatio acid, 381 
oxalalo, 277 
' phmylcarbuid*, S 



Phenylhydrazino picmte, 277 

PheoyliiydrazinE pyroraccmic acul, 2S4 

Pbenjlbydraiine sulphate, 376 

PhenjlLydraziDesulpbonic acid, 277 
' Phenjl b^drosnlphide, 130 
\ Phenylimido-acida, 214 

Phinyl-a-imidopiDpicinicacii], 214 

Pheiij'l-0'imidobuWric acid, 214 

Pheuft iflobctyl ether, 107 

Phenjl isocyanate, S19 

Phenyl isocyanurBte, 220 

Phenyl isopropjl ether, 107 

Fhenyl-lactic acid, 112 

Fheuyl-lactoaazone, 28S 

rhvnylmaltoxazone, 287 

Phtnyl mercury acotato, 372 

Phenyl mercory bromide, 871 

Phenyl mercury carbonate, 371 

Phenyl mercury ohloriiio, 371 

Phenyl mercory cyanide, 371 

Phenyl mercury fonnBts, 372 

Phenyl roercnry hydroxide, 371 

Phenyl mercury ioilide, 371 

Phenyl men-ury niyrialiil*, 372 

Phenyl mercury nitrate, 371 

Phony Imethnue, 10 

Phenylmethyl oarbinol, 2B 

Phenyl methyl ether, 106 

Phenyl mustard-oil, 221 

Pheuvl ortUofannabe, III 

Phenyl ortholhioforrnate, 131 

Phenyl oxalate, 112 

Phenyl oxide, I OS 

Phenyl phoBpbinc, 349 

Phenylphoaphoric chloride, 110 

Phenylphoaphoninm iodide, 360 

Phenyl phoBphonium platinichloride, 
350 

Phenyl picrate, 12S 

Phenylpropylene, 12 

Phenyl propyl ether, 107 

PhenyltiemicBrbaxide, 2S2 

Pbenylailicic acid, S66 

Phenylsilicon chloride, .SfiB 

Phenylsilicon ether, """ 

Phenyl SI '■ ■' ••" 



Phenyltttur 

Phenyl thiacetat*, 131 

Phenyl thio-enrhamide, 221 

Phenyl thio-CBrbimido, 221 

Phenyl thio-cyBuate, 221 

Phenyitoluene, flO 

Phenyl tolylmethane, SO 

Phenyl urea, 222 

Phlonunine, 253 

Phlanniine hydrochloride, 263 

PUoToglnciuol, 138, 180 

Phloroghioino! diethyl ether, 187 

Phloroglncinol trieth'yl elher, 1H7 

Pbloroglucinoittioiime, ISS 



Phoaph aniline, 349 
Phosphate of phenyl, 109 
Phosphenyl lironiide, 34* 
Phoapbenylons acid, 344 
Phosphenyl fhloride, 343 
PhoBpbonyl oxychloride, 344, 34S 
Phoaphenyl tetrachloride, 314 
Phosphenylic acid, 340 
Phoephobeniene, 369 
PhosphoniB deriTatires ofbenaeBe, 3t3 
Phthalic acid, 3B, 39, 41, 15, 73 
Pbthalic acidi, constitution of, 48, IS 
Picromio acid, 260 
Picramide-aniliue, S3 5 
ricramidu-dimethyl aniline, 23S 
Picratea, 124 
Picric acid, 122 
Picrocysmic acid, 124 
Picryl chloride, 126 
Picryl anlphide, 133 
Potaaaium azobeuzenesulphonate, 2M 
Potassium chloranilate, 162 
Potassium diazobeuzenesulphonate, 2SS 
Potassium niCianilate, ISl 
Potassium iiiopiuramate, 251 
Potassium isopurpuTBte. 12S 
Potassiam perohlorophcnat*, 115 



<, 105 



Potassium picramate, i 
Potassium picrate, 121 
Potassium Knucate, 136 
Potnssium quinoldlBulphonate, 161 
potassium quinonoximatc, 172 
Potassium salt of dichtoroquinoldi- 

sulphonic acid, IflO 
Potassium salt of phenylhydrazene- 

Bulphonic acid, 28 
Potassinni salt of thiochroBic acid, Ittl 
Propidenepbenylbydrazine, 284 
Propylbenzene, 11 
PropylmethylbcBzone, IS 
PsendomBQveine, 321, 325 
Psendomauveine hydrocbbride, 325 
Psetidothio-aniline, 261 
PuTpurogallin, 183 
Pyrocatechtn, 35, 39, 4i, 13, 45, 133 
Pyrogallol, 181 
P>-rogallol diethyl ether, 183 
PyroffBlIol dimethyl other, 183 
Pyrogallol mono-ithyi ether. 183 
Pjlogalloqninone, 183 
Pvrogallol triethyl other, 183 



QueHCiTOL, 163 

Quinhydrone, 161 ; chloiinc subalitn- 

tion products of, 165 
Quinhydrono dimethyl ether, 165 
(J uinhy drones, coniitiCution of the, ld7 
Quinot 116 



^w^^^^^^^^^ifflx^^^^^^^^^^^ 


Qninol, chlorine eobstitutioD prodnctA 


Silver picrate. 125 




Silver qninonoximate. 172 




Sodium acewnilide, 210 


dncU of, 163 


Sodium oWoraniUt*. 182 


Quinol deri^tiveB, 151 . 


Sodium phenate, 105 


Qoinol diethyl other, U9 


Sodium phenylborate, 3fl4 


Qmnnl dimethyl etiier, US 


Sodium pinrate, 124 


Qaiaolsthylcarbonate, 151 


Sodium quinoQoximato, 173 


Quinol ethyUtber. 149 




Quinol methyl ether, U8 


Sfyphuic add, 137, 143 


QuJnominilide, aS6 


Stvrolene, 12, 14 


Qninoae, 39, 83, 156 


Substituted phenoUnlpbonic >uid% 




129 


of, 167 ; nitro-aubstitulion jiroducts 


Substitntioa product* ot aiobenieoe, 


of, 188 ; bromiDB uid ioduio eub- 


292 


atitalion prodocta of, ISS 
Qaiaaae cblorimide, 173 


Substitution products of aEoxybenlenv, 


297 






Qninone dichlorimide, IH 


299 




Suotmo soccinio ether, 146 


Qainone tetr«bydrid«, IBS 


Sniphanilic acid. 237 


QDinonetrioxise, 189 


Sulphate of phenyl, 108 








Sulphonic acidp, 18, 19 




Sulphonic acids, water and spirit 


178 


soluble and a^ia-dyea, 303 




Siilphur compounda of phenol, 130 




SulphurettKl colouring roMten, con- 




atitution of the, 338 




SnlphUTBtted colouring maltoiB derived 


It- 


from amido-bassa, 331 




Symmetric ethylphenyl hydrazine. 278, 


Ranooon tar, 67 


278 


RaaoroiD, 85, 39, 11, 45, 138 


Symmetric diphenyl nrea, 222 
Symmetric trim ethyl boniene, 14 




prodnota of, 141; bromine »ubati- 




tntion prodncts of, 141 ; iodiiia 




wbBtitotioQ products of, 142; nitro 
^^^^^^Mdutitation prodncta of, 143 
^^^^^Kteinol blue, 180 


T. 


TEHBPH-niALlc ACID, 34. 89, 41, 4r. 




Terpenea, 18 


^^^^^^Bfoino diethyl carbanats, 140 


TDtrabromamline. 231 


^^■■Knino dimethyl ether, 140 


Tfltrabromobenzena, 17 
























Tetrabromoquinone, 16S 




TBtrsbromoreaorcinol. 142 




Tstrachloranilinea, 229 




TetricblDrobenzenes, 88 


H 


Totrachlorobenienyl trichloride, 17 






■ SAFILANINE!!, 321, 322 




■ Sarnninea, cunatitutian of the, 329 


^1 Salti of iniline, 200 




H SaUcylic aoid, 32, 34, 39, 41, 45 


Tetra-ethylazyUne, 313 


^B Silico-benxoic Mid, 385 


Tetrs-ethylpnraao-anilina, 318 


^K Silicon derintiTea of betuene, 365 


Tetra-Ethylphenosafranine, 328 




Tetrahydrojty qninone. 192 




TetrahydrttJoresomfin, 179 


^B USMntriethylphenyl, 308 


TetramBthjlmetadiamidobeniotiB, 240 


^^H Wnr pjcnuiwte, 260 


Tetramethylaiyline, 312 



^^^^^^INMX^^^^^^^^^^^^^^^B 


Tetmnethylbenietie, 11, 14 


Tribromobydrojr?c|ui[ione, IBl 
Tribromophenol. 118 




327 


Tribroaiophfnol bromide, IIS 




TribromopyrogaUol, 184 




Tetiamethylparazo-Bniline. S12 








TolrattiBthjltbionins. 336 




TetrBmetbyltbionuie chloride, 334 


fl-Trichloracetylwrylic acid, 69. 189 


TBtrattiBlhylthioainB hydroiido, 334 




TetranitroJihydroiy benzene, 127 


Trichloranitinee, 229 


TalranitroriHoroinol, 145 


Tricblorobenzenea, 82 








357, 330 


TetraphBtiyltetraione. 279 


Trichlorophenol, 114 


TetraphBuyl urea. 223 








Thio-nniline. 266 


Trichloroquinol, 152 


Thio-anilina hydrochloride, 280 


■Wchloroqninone, 158 


Thio aniliiifl OKalate, 260 


Trichloroquinone chlorimide. 174 


Thio-anilins wlphale, 260 






257 


Thiacarbamlide, 224 










TTiBthvlphenyUraonimn iodide, 361 


ThiQDinfl, 332 




ThioninB hydrochloride, 332 




Thionol, 339 


ide, 351 


Thiono! hydrate, 341 


Trihydroiybanzanea. 181 






Tbiophene. 76 




Tri-iodobenzene. 8S 


Thiopicric aoid, 132 


Tri-iodopheno!, 117 


Thioquinoi. 161 


Tri-iodoreaorcinol, 142 


Thioregoreinoi, HO 


TrimBthylbanMne, 11, U, IB, 37 


Thioianilide, 216 




Tin derivatiyes of beiuene, 867 


hydroxide, 2*8. 


Tin triethylphenyl, 387 




Tolane, 10 




Toluene, 10, 15 




To QIC If id. 34 




To nidin*, 10, 2S. 23 




To asafranina. 821 


Trinilwniw!, 125 


To nyrene, 60 
Toly! alcohol, 29 




^-TrinitTO-azobaniene, 283 


ToIylBEB rIvcoI. 30 




TrnpKolin Y ; ; 00 ; 000 ; 301. 303, 


TriDttro-aiareaorcin, 173 


305 




Trittcetohydroxyquinol. IPI 

TriocetopTTO^ol. 183 
Triacetvi-leudothionDl. 340 




a-TrinitropheaoI, 121 


fl-Trinitrophenol, 126 


■>-TrinitropheDol, 127 


TriamidoMobenzene, 82, 312 


Trinitrophenola, 121, 127 


B-Triamidobenrane, 248 


Trinitrophenyl acatat*, 126 


















Tribade benzenBUilarboiyUo acid, 13 


Triphenylnmine. 208 


Tribasic isophllialicBtic acid, 18 
Tribromaniliiiea. 231 


Triphenylarsine. 382 


Triphenylaraine oyorida, 362 


Tribromobenienes. 88 


Triphenylaraina hydroude, 362 


m ^ 


^ -it^^ 



TriphcnylanliM oxids, S03 
niphenjlBniiiB anIpUde, 3BS 
TriphenylbenzenB, 60 
Tnplieiirlethrlplioaphoiuiini iodide, 3fi7 



^pliMijrlgatmidine, 226 



I iodide. 



TriphenyliiopTDpTlphoniliin 
867 

TripheDjImelsmine, 220 
Triphenj'lmethane, 60 
TripheDjImethylphoaphoniu 

857 

Triiiliouvlliln«[)liQiP. 355, 3Sfl 
Trip bony IphoBphine nitrate, 356 
Triphenylpboipbine oxide, 3S5, 358 
Tri phenyl phosphine aelenide, 3BS 
Triphenylphoapliiiie sulphide, 356 
Tri phenyl amy Iphoaphoni am iodide, 367 
TripbenylpliosphoniuiQ iodide, 355 
Triphenylpropylphosphoaium iodide, 

357 
Triphenylttihine, 868 
Triphenyl tin chloride, S 
Triphenyl urea, 223 



TripliMpheaylic add, S4S 
Triqmiuyl, 1»2, 19S 
Trinilphoiiic adda, 19 
Trithio-wetuiUide, 261 
Tropciolii], 243 
Tropnolin D, SOS 
Tropoolin 00, 809 
'nnpMolina, SOI 



iodide, Utitic ai 



Tbratbol, 13} 

Veauvin, 312 

VioUniliiie, 314 

Violet bidiloruquino), 168 



Yellow trichloroqainol, 166 






